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Delayed Release or Extended-Delayed Release Dosage Forms of Prarmpexole 

Referenc e to Rela ted Application 

This application claims the benefit of the filing date of U.S. Provisional Application 
Serial No. 60/693,602, entitled 'IMPROVED DOSAGE FORMS FOR MOVEMENT 
DISORDER TREATMENT." and filed on June 23, 2005. The teachings of the entire 
referenced application are incorporated herein by reference. 

Backgr ound of the Invention 

A movement disorder is a neurological disturbance that involves one or more muscles 
or muscle groups. Movement disorders affect a significant portion of the population, causing 
disability as well as distress. Movement disorders include Parkinson's disease, Huntington's 
chorea, progressive supranuclear palsy, Wilson's disease, Tourette's syndrome, epilepsy, 
tardive dyskinesia, and various chronic tremors, tics and dystonias. Different clinically 
observed movement disorders can be traced to the same or similar areas of the brain. For 
example, abnormalities of basal ganglia (a large cluster of cells deep in the hemispheres of 
the brain) are postulated as a causative factor in diverse movement disorders. 

Parkinson's disease (PD) is a common disabling disease of old age affecting about one 
percent of the population over the age of 60 in the United States. The incidence of 
Parkinson's disease increases with age and the cumulative lifetime risk of an individual 
developing the disease is about 1 in 40. It is a progressive neurodegenerati ve disorder of the 
extra pyramidal, nervous system, and is associated with the depletion of dopamine from cells 
in the carpus striatum. The disease affects the mobility and control of the skeletal muscular 
system. Its characteristic features include resting tremor, bradykinetic movements, rigidity 
and postural change. A perceived pathophysiological cause of Parkinson's disease is 
progressive destruction of dopamme-producmg cells in the basal ganglia which comprise the 
pars compartnm of die substantia nigra, basal nuclei located in the brain stem. Loss of 
dopamineric neurons results in a, relative excess of acetylcholine. See Mlinger, Past Mortem 
Studies in Parkinson's Disease - Is It Possible to Detect Brain Areas For Specific Symptoms'! 
J. Neural llrewm. 56(S«p»): 1 -29:1999. Parkinson's disease often begins with mild limb 
stiffness and infrequent: tremors and progresses over a period of ten or more years to frequent 
tremors and memory impairment, to imconiTollable tremors and dementia. 
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The management of early Parkinsons disease must employ strategies that slow or bait 
the progression of the disease and reduce the risk of eventual motor complications. 
Continuous dopaminergic stimulation early in the disease is the therapeutic goal for treatment 
of patients with Parkinson disease, Pramipexole is a non-ergot potent dopamine receptor 
agonist and has been shown to be clinically effective in treating Parkinson's patients in early 
PD. It has preferential affinity for D3 receptor within the D2 subfamily of dopamine 
receptors and inhibits dopamine synthesis and release. It has been found effective as a 
monotherapy as well as an adjunct to Jevodopa therapy in patients with advance disabilities. 
Pramipexole is marketed as immediate release tablets by Pfizer under the trade name 
MRAFEX* 

Tardive Dyskinesia (ID) is a chronic disorder of the nervous system, characterized by 
involuntary, irregular rhythmic movements of the mouth, tongue, and fecial muscles. The 
upper extremities also may be involved, these movements may be accompanied, to a 
variable extent, by other involuntary movements and movement disorders. These include 
rocking, writhing, or twisting movements of fhe trunk (tardive dystonia), forcible eye closure 
(tardive blepharospasm), an irresistible impulse to move continually (tardive akathisia), 
jerking movements of the neck (tardive spasmodic torticollis), and disrupted respiratory 
movements (respiratory dyskinesia). The vast majority of TD cases are caused by the 
prolonged use of antipsychotic drugs (neuroleptics). A relatively small number are caused by 
the use of other medications, such as metocloprarnide, that, like neuroleptics, block dopamine 
receptors. TD often manifests or worsens in severity after neuroleptic drug therapy is 
discontinued. Resumption of neuroleptic therapy will temporarily suppress the involuntary 
movements, but may aggravate them in the long run. 

TD affects approximately 1 5-20% of patients treated with neuroleptic drugs (Khot et 
al , Neuroleptics and Classic Tardive Dyskinesia, in Lang AE, Werner WJ (eds.): Drug 
Induced Movement Disorders f Futura Publishing Co., 1992, pp 121-166). Therefore, the 
condition affects hundreds of thousands of people in the United States alone. The cumulative 
incidence of TD is substantially higher in women, in older people, and in those being treated 
with neuroleptics for conditions other than schizophrenia, such as bipolar disorder (manic- 
depressive illness) (see, e.g. , Bay&shi et al, Clin. Neurophawiacol . 19: 390, 1996; Jeste et 
si. Arch. Gen. Psychiatry 52: 756, 1995). Unlike the acute motor side effects of neuroleptic 
drugs, TD does not respond in general to antiparkinson drugs (Decker et al, New Eng. J Med. 
Oct. 7, p. 861, 1971). 
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Focal Dystonias (FD) are a class of related movement disorders involving the 
intermittent sustained contraction of a group of muscles. The prevalence of focal dystonias in 
one US comity was estimated as 2S7 per million (Monroe County Study); this suggests that at 
least 70,000 people are affected in the US alone. The spasms of focal dystonia can last many 
seconds at a time, causing major disruption of the Amotion of the affected area. Some of the 
focal dystonias are precipitated by repetitive movements; writer's cramp is the best known 
example. Focal dystonia can involve the face blepharospasm, mandibular dystonia), the 
neck (torticollis), the limbs (e.g., writer's cramp), or the tank. Dystonia can occur 
spontaneously or can be precipitated by exposure to neuroleptic dings and other dopamine 
receptor blockers (tardive dystonia). No systemic drug therapy is generally effective, but 
some drugs give partial relief to some patients. Those most often prescribed are 
anticholinergics, baclofen, benzodiazepines, and dopamine agonists and antagonists. The 
most consistently effective treatment is the injection of botuhnum toxin into affected 
muscles. 

The various focal dystonias tend to respond to the same drugs (Chen, Clin, Orthop. 
June 102-6, 1998; Esper et al, Tarn. Med. 90: 18-20, 1997; De Mattes et al, Arq 
Nmtropsiquiatr 54: 30-6, 1996) This suggest? that a new treatment helpful for one focal 
dystonia, would be likely to be helpful for another. Furthermore, the common symptoms, 
signs, and responses to medication of spontaneous (idiopathic) dystonia and neuroleptio- 
raduced dystonia suggest that an effective treatment for a drug-induced focal dystonia will be 
effective for the same dystonia occurring spontaneously. 

A tic is an abrupt repetitive movement, gesture, or utterance that often mimics a 
normal type of behavior. Motor tics include movements such as eye blinking, head jerks or 
shoulder shrugs, but can vary to more complex purposive-appearing behaviors such as facial 
expressions of emotion or meaningful gestures of the arms and head. In extreme cases, the 
movement can be obscene (copropraxia) or self-injurious. Phonic or vocal tics range from 
throat clearing sounds to complex vocalizations and speech, sometimes with coprolalia 
(obscene speech) (Lectonan et al, supra). Tics are irregular in time, though consistent 
regarding the muscle groups involved. Characteristically, they can be suppressed for a short 
time by voluntary effort. 

Tics are estimated to affect 1 % to 13% of boys and 1% to 1 1% of girls, the male- 
female ratio being less than 2 to 1. Approximately 5% of children between the ages of 7 and 
1 1 years are affected with tic behavior (Leckmaa et al, Neuropsychiatry of the Bas. Gang 
20(4): 839-861, 1997). The estimated prevalence of multiple tics with vocalization, 
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Tourette's syndrome, varies among different repeats, ranging from 5 per 10,000 to 5 per 
1,000. 

Gilles de la Tourette syndrome (IS) is the most severe tic disorder. Tourette's 
syndrome is 3-4 times more common in boys than girls and 10 times more common in 
children and adolescents than in adults (Leekman et al } Neuropsychiatry of the Bess. Gang 
20(4): 839-861, 1997; Esper et al, Tern. MetL 90: 18-20, 1997). Patients wife TS have 
multiple tics, including at least one vocal (phonic) tic. TS becomes apparent in early 
childhood with the presentation of simple motor tics, for example, eye blinking or head jerks. 
Initially, tics may come and go, but in time tics become persistent and severe, and begin to 
have adverse effects on the child and the child's family. Phonic tics manifest, on average, I to 
2 years after the onset, of motor tics. By the age of 10, most children have developed an 
awareness of the premonitory urges that frequently precede a tic. Such premonitions may 
enable the individual to voluntary suppress the tic, yet premonition unfortunately adds to the 
discomfort associated with having the disorder. By late adolescence/early adulthood, tic 
disorders can improve significantly in certain mdividuais. However, adults who continue to 
suffer from tics often have particularly severe and debilitating symptoms. (Leekman et al., 
Neuropsychiatry of the Bus. Gang 20(4): 839-861, 1997). 

Although the present day pharmacopeia offers a variety of agents to treat movement 
disorders, none of these agents can prevent or cure these conditions. Many treatments focus 
on eliminating or at least alleviating certain symptoms of the disorder. Furthermore, the most 
effective treatments axe often associated with intolerable side effects. 

For example, in the case of Parki nson's Disease, pramipexole therapy is usually 
associated with a number of undesirable side effects, and patient compliance is a significant 
obstacle for effective treatment. 

Specifically, the majority of the patients taking MERAPEX® are middle-aged and 
quite active. MIRAPEX® tablets often have to he gi ven three times a day in equally divided 
doses. Therefore, compliance is a major problem with patients. 

A second problem for the multiple dose regimen is that the daily "peak and trough" 
blood levels produced by multiple daily doses result in fluctuating stimulation of the 
dopaminergic neurons. These fluctuations may contribute to the pathogenesis of the motor 
complications in Parkinson disease. Commonly occurring adverse effects associated with 
MIRAPEX® include nausea, vomiting / emesis, weakness, dizziness, fainting, agitation, 
confusion, hallucinations, muscle twitcMng, uncontrollable movements, a tingling sensation, 
chest pain, insomnia, somnolence, decreased appetite, dry month, sweating, headache. 
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constipation and gastric intestinal complications. Episodes of sudden uncontrollable 
somnolence have been reported in 22% of PD patients receiving pramipexole in a dose 
related manner. Other side effects of pramipexole have been reported to include orthostatic 
hypotension, the incidence of which is dose- and peak-related. There are also reports of 
subjects on pramipexole medication experiencing increased somnolence, in particular "sleep 
attacks" Such attacks involve a subject falling asleep while engaged in activities of daily 
living, including operation of a motor vehicle, sometimes resulting in accidents. In addition, 
compulsive gambling behaviors (see Dodd et ah, Pathological Gambling Caused by Drugs 
Used to Treat Parkinson Disease, Archives of Neurology vol. 62, Sept. 2005; Driver- 
Dimekiey et al, Pathological Gambling Associated With Dopamine Agonist Therapy in 
Parkinson's Disease, "Neurology, Vol. 61, August 2003), excessive shopping, overeating, and 
hypersexuality have also been linked to MRAPBX* treatment 

Although the main indication ofMIRAPEX® is PD treatment, MIRAPEX® is also 
used in lower doses to treat other movement disorders such as restless legs syndrome 
0.125 rag daily versus 4,5 mg daily for Parkinson's). It is also being used off-label to treat 
depression as well as some sleep disorders. 

Thus, the currently available immediate release pramipexole formulation is not ideal 
as it is associated with poor patient compliance as well as treatment-emergent side effects that 
lead to poor patient tolerance. Therefore, there remains a clear-cat need for new treatments 
and improved dosage forms for various movement disorders, such as using pramipexole in 
alleviating at least one adverse effect associated with the treatment of Parkinson's disease. 

Snnunarv of the Invention 

The pharmacokinetics of pramipexole is linear, with plasma concentrations increasing 
proportionate with increase in dosage. Pramipexole is rapidly absorbed, reaching peak 
concentration in. approximately 2 hoars. The absolute bioavailability of pramipexole is 
greater than 90%. It undergoes little presystolic metabolism and is excreted virtually 
unchanged in the urine. However, it is difficult to reach the upper limit of the dose range 
using the currently available immediate release formulation. This is partly because both 
gastrointestinal and CNS side effects are more frequent during the initial ascending phase of 
the plasma profile. Nausea was primarily reported at the moment of peak pramipexole plasma 
levels, and increased with increase in dose. Data from other studies suggest that pramipexole 
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may induce 'a locally mediated nausea via gastric irritation as rapid onset of the nausea was 
observed prior to achieving peak plasma levels, 

The present invention is directed to pramipexole pharmaceutical compositions feat 
allow for highly controlled, delayed admmistafion, preferably once-daily administration that 
release pramipexole over an extended period of time. The delayed / extended release dosage 
form is preferably at least equivalent in effectiveness to fee conventional immediate release, 
three-fee daily regimen, and provides average steady-stele blood levels of pramipexole over 
a course of treatment. A delayed and/or osce-a-day administration of pramipexole is 
advantageous over ihrice-a»day administration in terms of patient compliance and reduced 
adverse events, thus providing better treatment of the conditions for which the pramipexole is 
indicated. 

In one aspect the invention provides an oral delayed immediate release (D1R or DR) 
or delayed extended release (DXR) dosage form tiiat provides continuous and stable delivery 
of pramipexole over extended duration and maintains the desired therapeutic effects, while 
minimizing, if not eliminating, the undesired side effects and with improved patien t 
compliance. 

Preferably, pramipexole and/or i ts prodrog(s) and/or stereoisomers are released at a 
rate that results hi reduc tion in the .frequency or severity of at least one adverse effect 
associated with pramipexole therapy. In certain embodiments, fee dosage form releases 
pramipexole and/or its prodrug and/or stereoisomer at a rate that, results in reduction in the 
frequency or seventy of at least one adverse event associated with current pramipexole 
therapies, or allows for a more convenient dosing regimen than current therapies. 

Thus one aspect of the invention provides a detayed-release (DR) pramipexole 
pharmaceutical composition in an orally deliverable form, comprising an enteric coating, a 
pramipexole core, and one or more pharmaceutieally acceptable carriers and exeipients, 
wherein fee enteric coating reduces or substantially eliminates the release and/or absorption 
of pramipexole in the upper gastrointestinal ((31) tract. 

in certain embodiments, pramipexole is first released and/or absorbed in intestine. 

In certain embodiments, the enteric coating delays the release of pramipexole by at 
least about 1.5-2 hours, or 2-3 hours after ingestion. 

In certain embodiments, the enteric coating is selected from: cellulose acetate 
phthalate (CAP), hydroxy-propyl memylcellulose phthalate (HPMCP), polyvinyl acetate 
phthalate (PVAP), hydroxypropyl methyleellulose acetate succinate (HPMCAS), cellulose 
acetate trimellitate, hydroxypropyl mefeyleelmlose succinate, cellulose acetate succinate, 
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cellulose acetate hexahychophthalaie, cellulose propionate pMialate, copolymer of 
methyhnethacrylic add and methyl meihacrylate, copolymer of methyl acrylate, 
taefljylmethacrylate and raefoacrylie acid, copolymer of methylvinyl ether and maleic 
anhydride (Gantrez ES series), e&yl Bieffiyacryfate-mefhylmethactylate- 
cMorotj-imethylammoniam ethyl acrylate copolymer, natural resins such as mm, shellac and 
copal collophorium, earboxymethyl cthyleeiiulose, Spheromer III (dopa-ferictSoaalized 
poly(butadiene-eo-maIeic acid), Spherics, Inc.), Spheromer IV (carbidopa-runetionahzed 
poly{batadieRe-eo-nialeic acid), Spherics, inc.), co-polymerized methacrylie acid / 
methaerylie acid methyl esters selected torn: ECJDRAGH* L12.5, L100, EUDRAG1T® 
SI 2.5, S100, EEUDRAOH* L30D55, EUDRAGIt* FS30B, EU.D.RAGIT® L10G-55, 
EUDRAGI1* 51 S100 (Rohm Pharma), KOLL1COAT® MAE3GD and 30DP (BASF), 
ESTACRYL® 30D (Eastman Chemical), AQUATERIC® and AQUAOOAT* CPD30 
(FMC)), Actyl-EZETM White, or equivalents thereof. 

hi certain embodiments, the enteric coating becomes soluble at above pH 4.5, such as 
around pH 5,5-6.8, 

In certain embodiments, the pramipexole pharmaceutical composition comprises one 
or more pramipexole salts, derivatives and/of stereoisomers. 

In certain embodiments, the pramipexole salt is pramipexole dihydrocldoride 
monohydrate. 

fit certain embodiments, the. pramipexole core is formulated as an immediate release 
(IR) composition. 

In certain embodiments, the pramipexole core is formulated as an extended release 
(XR) composition. 

In certain embodiments, the XR composition is prepared by coating pramipexole- 
layered inert pellets with a reiease-comrollmg polymer. 

In certain embodiments, the release-controlling polymer is ethyteellulose-based. 

In certain embodiments, the release-controlling polymer is selected from: 
EUDRAGIT* RL; EUDRAGIT® RS; cellulose derivatives selected from: efhylcellulose 
aqueous dispersions (AQUACOAT*, SURBLEASE*}, hydroxyethyl cellulose, 
hydroxypropyl cellulose, or hydroxypropyl meUiylcelklose; poly vmylpyrrolidone; 
pol>'vinylpyrrohdone / vinyl acetate copolymer; OPADRY®, or equivalents thereof. 

In certain embodiments, the delayed-release pramipexole pharmaceutical composition 
is formulated to provide an effective dose over at least 4 ~ 24 hours after administration to the 
patient. 
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In certain embodiments, the dclayed-release pramipexole pharmaceutical composition 
is formulated to provide an effective plasma level over at least S - 16 hours after 
administration to the patient 

In certain embodiments, the effective plasma level at a 0. 375 rag dose is about 50 - 
400 pg/iiiL for Parkinson's Disease treatment The effective plasma levels may increase with 
an increase in dose levels, such as to 800-1800 pg/mL or even 400-4000 pg/mL. 

in certain embodiments, the pramipexole core comprises anXR portion and an IR 
portion. 

In certain embodiments, the XR portion and the IR portion are both present as 
multiparticulate beads / pellets embedded within an inactive dissolvable / disintegratable 

matrix.. 

In certain embodiments, the XR portion and the IR portion are each present as a 
section of the pnraiipexole core. 

In certain embodiments, the XR portion is partially or completely covered by a rate- 
controlling coating that controls the release rate of the XR portion. 

In certain embodiments, the delayed-release pramipexole pharmaceutical composition 
is formulated as a once-a-day composition. 

In certain embodiments, the onee-a-day composition contains about 0.375 mg, 0.5 
mg, 1 ,0 mg, 1.5 mg, 3.0 mg, or 4,5 mg of pramipexole dihydrochlori.de monohydrate, or 
equivalent thereof. 

In certain embodiments, the delayed-release pramipexole pharmaceutical composition 
further comprises a bioadhesive layer that adheres to the lower GI tract 

In certain embodiments, the bioadhesive layer comprises polymeric materials selected 
from polyaraides, polyalkylene glycols, polyalkylene oxides, polyvinyl alcohols, 
polyvinylpyrrolidone, polyglycolides, polyiuethanes, polymers of acrylic and niethacrybn 
esters, polylactides, poly{butyric acid), polyanhydrides, polyorihoesters, po3y(funiaric acid), 
po!y(maieie acid), polycarbonates, polyalkylenes, polyalkylene terephthalates, polyvinyl 
alcohols, polyvinyl ethers, polyvinyl esters, polyvinyl halides, polyssloxanes, polystyrene, 
polyOactide-co-glycoHde}, chitosan, ehitm, hyaluronic acid, hyaluronan, Carbopois, Corplex 
polymers, Polycarbophils-Cysteine (Thiomers), Chitosan-lliioglyeolic acid copolymer s, 
poly(methacrylic acid-grafted-erhylene glycol), poly (methyl vinyl ether-co-malic anhydride), 
cholestyramine (Duolile AP-143), sucralfate, ghadin, blends and copolymers thereof 

In certain embodiments, the delayed-release pramipexole pharmaceutical 
composition, upon administration to an individual, reduces or eliminates at least one 
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undesirable side-effect selected from: nausea, emesis> insomnia, imagination, somnolence, 
constipation, and gastric and/or intestinal complication as compared to treatment with a 
thrice-daily immediate release composition of the same overall dosage. 

In certain embodiments, the nausea or emesis results from a locally mediated gastric 
irritation. 

In certain embodiments, the delayed-release pramipexole pharmaceutical composition 
provides substantially the same bioavailability and/or maximum blood concentration (Qmr) 
compared to an immediate-release prmmpexale pharmaceutical composition of the same 
dosage without the enteric coating. 

In certain embodiments, the delayed and/or extended release pharmaceutical 
composition provides a substantially reduced degree of fluctuation in plasma levels compared 
to an immediate release pharmaceutical composition of the pramipexole of the same dose 
administered three times daily. 

in certain embodiments, the delayed and/or extended release pharmaceutical 
composition is associated with reduced side effects (e.g., nausea, vomiting) compared to an 
immediate release pharmaceutical composition of the pramipexole of the same dose 
administered three times daily 

In certain embodiments, the detayed-release prarnipexoie pharmaceutical composition 
is suitable for human treatment, or for veterinary treatment of a non-human mammal. 

Another aspect of the invention provides a method of preparing a pramipexole 
pharmaceutical composition, comprising coating a formulation comprising pramipexole with 
an enteric coating that reduces or substantially eliminates the release and/or absorption of 
pramipexole in fee upper gastrointestinal (01) tract. 

Another aspect of the invention provides a method of treating Parkinson 's Disease in 
an individual, comprising administering to the individual a deiayed-re lease pramipexole 
phannaceutical composition as set forth above. 

Embodiments described herein are contemplated to be combined with each other 
embodiments as appropriate. Embodiments described in detail under one aspect of the 
invention may be equally applicable for the oilier aspects of the invention. 

Figures i A. - 1J are schematic drawings (not to scale) illustrating cross-sectional 
views of exemplary designs for the subject delivery device. 
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Figure 2 shows the results of an exemplary experiment comparing concentration of 
MIRAPEX® 0. 125 mg tablets over time in fed and fasted Beagle dogs. 

Figure 3 shows the results of an exemplary experiment comparing enteric-coated 
MIRAPEX'® 0. 125 mg tablets and plain MIRAPEX® 0.125 mg tablets in fasted Beagle clogs. 

Figure 4 shows the dissolution profile of piamipexole 0.375 mg Extended-Release 
(ER) and delayed extended release (DEB) formulations. 

Figure 5 shows the results of comparing piamipexole 0.375 mg Extended Release 
(ER) and Delayed Extended Release (DER) formnlahons in fasted Beagles. 

Figure 6 shows the results of comparing piamipexole 0.375 mg Extended Release 
multipattictOate-based capsules and matrix-based tablet formulations, with 0.375 mg 
MERAPAX® Tablets Given in a Tbree-In-a-Day (TID) Dosing Regimen. (0.325 mg x 3) in 
fed Beagles. 

Figure 7 shows dissolution profiles of pramipexole 0.375 mg Delayed Extended- 
Release formulations in phosphate buffer pH » 6.8 using US? 11 apparatus. 

Figure S shows a comparison between piamipexole 0.375 mg Extended Release 
Multiparhculate-based capsules formulations vs. 0.37Smg Mirapex tablets given in a TID 
dosing regimen (0.125 mg x 3) in beagles. 

Figures 9A-C show the mean human pramipexole plasma concentration comparing 
pramipexole 0.375 mg extended release multiparticulate formulations with Mirapex® tablets, 
0,375 mg (0.125 mgx 3). 

Figure 1 OA is the in vitro dissolution profile of pramipexoie extended release tablet 
formulation, 0.375 mg [5% coating (80 parts Surelease and 20 parts GPADRY), obtained 
using a USP II apparatus. 

Figure 10B shows the in vivo PK performance of a pramipexole extended release 
tablet, 0375 mg [5% coating (80 parts Surelease 4- 20 parts OPAJDRY)] and pramipexole 
extended release capsules, 0.375mg [8.3 % Ethocel and 5% Spheromer ill coated) in tasted 
beagle dogs. 

Figure 1 .1 is a comparison of pramipexole ER Formulations with Mirapex (0. 325) mg 
tablets administered in tee times a day dosing regimen. 

Figure 12 is a schematic drawing (not to scale) illustrating a cross-sectional view of 
one design of the subject delivery device. 

Figure 13 is a schematic drawing (not to scale) illustrating & cross-sectional view of 
one design of the subject deliver)' device. 
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.Figure 14 Is a schematic drawing (not to scale) illustrating a cross-sectional view of 
one design of the subject delivery device. 

Figure 15 is a schematic drawing (not to scale) illustrating a cross-sectional view of 
one design of the subject delivery device, 

Retailed Description of Invention 

I, Overview 

In general, the present invention relates to pharmaceutical compositions and methods 
for die treatment of disorders for which pramipexole is administered. Such disorders include 
some sleep disorders and certain movement disorders (such as Parkinson's disease and 
restless legs syndrome, etc.). The present invention also relates to the methods for protecting 
neural cells. The pharmaceutical compositions and methods of the invention relate to the use 
of pramipexole either alone or in combination with other active agents or pharmaceutical 
compositions suitable for the treatment of such diseases or the prevention or inhibition of 
diseases using pramipexole as a neuroprotectant 

In certain embodiments, the invention relates to particular pramipexole dosage forms 
(<?,£., a delayed release, preferably onee~a-day dosage form) that provide release profiles that 
are effective for the intended therapeutic use (e.g., ameliorating or overcoming symptoms of 
a movement disorder, such as Parkinson's disease), while reducing or avoiding at least one 
undesirable side-effect associated with conventional pramipexole treatment. 

While not wishing to be bound by any particular theory, it is believed that releasing 
pramipexole in the upper GI tract may cause local irritation and lead to at least one 
undesirable side effect of pramipexole treatment, including emesis and nausea. Thus, 
according to one aspect of fee invention, one or more undesirable side effects traditionally 
associated wife administering pramipexole to an individual can be alleviated or even 
eliminated by delaying the release of pramipexole until tire drug is in the lower GI tract, such 
as in the intestine (e.g., the small intestine, the colon, and/or the rectum). Also according to 
the instant invention, one way to reduce or eliminate fee release of pramipexole in the 
stomach is to utilize an enteric coating, such that pramipexole is not substantially released in 
the acidic environment of the stomach. Once inside the intestine, where the local pH 
environment based on the fed or fasted states varies between 4.5 and 7.4, pramipexole is 
released either as an immediate release (IR) dosage form or as an extended release (XR) 
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dosage forai, or a mixture thereof. Since such dosage forms are also delayed-release dosage 
forms, they are inferred to as delayed immediate release (DIR or DR) or delayed extended 
release (DXR) dosage forms, respectively. 

In a preferred embodiment, the DXR dosage form achieves (he therapeutic benefit of 
the conventional thriee~a-day pramipexole regimen and yet is administered as a single daily 
administration, e.g., which contains substantially the same total dosage of pramipexole, yet 
releases the drag in a controlled manner and over an extended period of time, fens improving 
patient compliance, and alleviating and/or eliminating the undesirable daily "peak and 
trough" blood levels produced by multiple daily doses, and die associated fluctuating 
stimulation of the dopaminergic neurons. 

In certain embodiments, the dosage form may include bioadhesive layers that adhere 
to the lower GI tract, such as intestinal walls, to prolong the release of pramipexole in the 
lower GI tract The bioadhesive layer may be inside or outside the enteric coating. In the 
former ease, the presence of the bioadhesive layer (eg., as a partial coating that is continuous 
or discontinuous) preferably does not substantially impede the release of pramipexole. In the 
latter case, the presence of the bioadhesive layer (<?.g.» as a partial coating that is continuous 
or discontinuous) does not substantially impede the degradation of the enteric layer in the 
neutral pH environment of the intestine. 

Pramipexole is not acid-sensitive, and thus need not be protected from the relative 
ac idic environment of the upper GI tract per se. Indeed, in certain embodiments, pramipexole 
needs to be delivered to the lower GI tract, for example, for targeted treatment of certain 
colon diseases. However, the present invention is based in part on the unexpected discovery 
that by by-passing the release of pramipexole in the upper GI tract (e.g., the stomach) it is 
possible to avoid one or more undesirable side effects typically associated with pramipexole 
treatments, such as nausea and/or eniesis. 

The compositions of the present invention may be in the form of, among others, a 
granule, tablet (including matrix or osmotic), pellet, powder, sachet, capsule, gel, dispersion, 
solution or suspension. The only requirement is that die dosage forms be composed in such a 
manner as to achieve the profiles set forth herein. 

In vivo profiles for pramipexole that provide the appropriate blood (or, more 
particularly, plasma) concentration levels overtime in order to meet the therapeutic 
requirements for once daily administration were provided in the present invention. These 
profiles are such that the mean blood pramipexole levels provide an effective amount of the 
drug for die treatment of such conditions as PD or other related movement disorders, yet 
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below levels that induce adverse side effects typically associated with spikes in the plasma 
concentration that follow the multiple admirastratjon of fast / immediate release formulations. 
In addition, by-passing the release of pramipexote in the upper GI tract, such as in the 
stomach, avoids side effects such as nausea and/or emesis. 

Thus, wife fee present invention, it was found that an effective Mood pratnipexole 
concentration at relatively steady state could be achieved by formulating prarnipexole in 
several inventi ve dosage forms. These dosage forms are in the form of a delayed release, an 
immediate release, an extended release, or combination thereof. 

Another aspect of the invention provides a method for making fee pharmaceutical 
compositions with one or more features as described above. 

Another aspect of fee invention provides a method for using fee pharmaceutical 
compositions with one or more features as described above, in treating a movement disorder, 
such as Parkinson's disease. 

Another aspect of the invention provides the use of a pharmaceutical composition 
with one or more features as described above in manufacturing medicaments for fee 
treatment of a movement disorder, such as Parkinson's disease. 

The subj ect preparations and methods can be used as part of treatments for human 
and/or other animal subjects. In addition to humans, other animal subjects to which the 
invention is applicable extend to both domestic animals and livestock, raised either as 
laboratory animals, pets or zoo animals, or for commercial purposes. Examples are rodents 
such as mice, rats, hamsters, or rabbits; dogs; cats; cattle; horses; sheep; hogs; and goats. 

Certain general fea tures of the invention are further elabora ted in the sections below. 

II Definitions 

For convenience, certain terms employed in the specification, examples, and 
appended claims are collected here. All other terms have their ordinary meanings as 
understood by a skilled artisan. 

As used herein, "about" means within the pharmaceubcally acceptable limits found in 
the United States Pharmacopeia (USP-NF 21), 2003 Annual Edition, or available at fee USP 
website, for amount of active pharmaceutical ingredients. With respect to blood levels, 
"about" means within FDA acceptable guidelines. 

The term "water-soluble" herein means having solubility of at least about 10 rag/ml. 
Unless otherwise specified, "solubility" herein means solubility in water at 20-25 °C at any 
physiologically acceptable pH 5 for example at any pH in the range of about 4 to about 8. in 
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the case of a salt, reference herein to solubility in water pertains to tho salt, not to the free 
base form of pratnipexole, 

"Solid fraction" is the ratio of absolute to apparent density of a compact of fee starch, 
A "compact? 1 herein is a compressed tablet, prepared for example on a tablet press, consisting 
only of a sample of starch for which it is desired to measure tensile strength. A "solid fraction 
representative of the tablet" is a solid fraction selected to be similar to the solid fraction of 
tablets prepared according to the invention. Typically a solid fraction of about 0.75 to about 
0,85, illustratively 0.8, will be selected. 

The term "orally deliverable" herein means suitable for oral, including peroral and 
iatra-oral (eg., sublingual or buccal) administration, but tablets of the present, invention are 
adapted primarily for peroral administration, i.e., for swallowing, typically whole (or, in 
certain embodiments, broken), with the aid of water or other drinkable fluid. 

A "subject" herein is an animal of any species, preferably mammalian, most 
preferably human. Conditions and disorders in a subject for which a particular agent is said 
herein to be "indicated" are not restricted to conditions and disorders for which the agent has 
been expressly approved by a regulatory authority, but also include other conditions and 
disorders 'known or believed by a physician to he amenable to treatment with the agent 

"Treatment" herein embraces prophylactic treatment unless me context requires 
otherwise. 

The term, "adrenergic" refers to neurotransmitters or neuromodulators chemically 
related to adrenaline (epinephrine) or to neurons which release such adrenergic mediators. 
Examples are dopamine, norepinephrine, and epinephrine. Such agents are also referred to as 
catecholamines, which are derived from the amino acid tyrosine. 

As used herein "catechol moiety" refers to a moiety with the following generic 
structure: 



In certain embodiments of the invention, a polymer may be fonctionalked by 
covalently attaching catechol moieties or compounds comprising catechol moieties. 
Alternatively, a compound comprising a catechol moiety may be blended with a polymer to 
form a simple mixture with no covalent association between the catechol moieties and the 
polymer. 



HO 
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The term "catecholamines" refers to neurotransmitters that have a catechol ring (e.g., 
a 3, 4-dihydroxylated benzene ring). Examples are dopamine, norepinephrine, and 
epinephrine. 

The term "cholinergic" refers to neurotransmitters or neuromodulators chemically 
related to choline or to neurons which release such cholinergic mediators. 

The term "dopaminergic" refers to neurotransmitters or neuromodulators chemically 
related to dopamine or to neurons which release such dopaminergic mediators. 

The terra "dopamine" refers to an adrenergic neurotransmitter, as is known in the art. 

Tire term "E.D50" means the dose of a drug which produces 50% of its maximum 
response or effect. 

An "effective amount" of, e.g., a movement disorder pharmaceutical composition, 
with respect to the subjec t method of treatment, refers to an amount of the pharmaceutical 
composition in a preparation which, when applied as part of the subject dosage regimen 
brings about the desired correction / suppression of the movement disorder {e.g., dyskinesia 
and/or bxadyldnesis) according to clinically acceptable standards. 

The term "LD50" means the dose of a drug which is lethal in 50% of test subjects. 

The term "lethal therapeutic index'* refers to the therapeutic index of a drug defined as 

The term "metabolites" refers to active derivatives produced upon introduction of a 
compound into a biological milieu, such as a patient. 

A "patient," "individual," or "subject" to be treated by the subject method can mean 
either a human or non-human animal 

The term "prevent " "preventing," or "prevention" as used herein means reducing the 
probability / risk of developing a condition in a subject (e,g., & human), or delaying the onset, 
of a condition in the subject, or lessening the severity of one or more symptoms of a 
condition (e.g., a movement disorder) that may develop in the subject, or any combination 
thereof. 

The term "prodrug" is intended to encompass compounds which, under physiologic 
conditions, ate converted into the therapeutically active agents of the present invention. A 
common method for making a prodrug is to include one or more selected moieties which are 
hydrolyzed under physiologic conditions to reveal the desired molecule. In other 
embodiments, the prodrug is converted by an enzymatic activity of the host animal 
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The phrase "protecting group" as used herein means temporary substituents which 
protect a potentially reactive functional group from undesired chemical transformations. 
Examples of such protecting gronps include esters of carboxyltc acids, silyl ethers of 
alcohols, and acetals and ketals of aldehydes and ketones, respectively. The field of 
protecting group chemistry has been reviewed (Greene, T.W<; Wuts, P.G.M. Protective 
Groups in Organic Synthesis, 2nd ed,; Wiley: New York, 1991). 

The term "SeD5o" means the dose of a drag which is produces & particular side-effect 

in 50% of test subjects. 

The term "side-effect therapeutic index" refers to me therapeutic index of a ding 
defined as SeDso/EDso. 

The terra "statistically significant" as used herein means mat the obtained results are 
not likely to be due to chance fluctuations at the specified le vel of probability. The two most 
commonly specified levels of significance are 0.05 (pK),05) and 0.01 (p -0.01). The le vel of 
significance equal to 0,05 and 0.01 means that the probability of error is 5 out of 100 and 1 
out of 100, respectively. 

The term "treat,'" "treating," or "treatment' ' as used herein means to counteract a 
medical condition (e.g., a movement disorder) to the extent that the medical condition is 
improved according to clinically acceptable standard(s). For example, "to treat a movement 
disorder" means to improve the movement disorder or relieve symptoms of the particular 
movement disorder in a patient, wherein the improvement and relief are evaluated with a 
clinically acceptable standardized (est (<■?.#., a patient self-assessment scale) and/or an 
empirical test (&g,, PET scan). 

The term "Cmax" as used herein means maximum plasma concentration of 
pramipexole achieved by die ingestion of the composition of the invention or the ti.d 
comparator (Mirapex 1R tablets). 

The term. "Crnin" as used herein means minimum plasma concentration of 
pramipexole achie ved by the ingestion of the composition of the invention or the ti.d 
comparator (Mirapex IR tablets). 

The term "Cavg" as used herein means average plasma concen tration of pramipexole 
achieved by the ingestion of the composition of the invention or the ti.d comparator 
(Mirapex IR tablets). Cavg is calculated by AUG over a 24 hours intervals divided by 24. 

The term "Tmax" as used herein means the time to achieve maximum plasma 
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concentrations produced by ingestion ofoftfee composition of fee invention or the t.i.d 
comparator (Mirapex IS. tablets). 

The term "AUC" as used herein means the area tinder the plasma concentration-time 
curve, as calculated by the trapezoidal rule over the 24 hour interval for all the formulations. 

The term "Degree of Fluctuation (DFL)" as used herein is expressed as : 

DFL = (Cmax - Cmin)/Cavg 

produced by ingestion of the the composition of the invention or the ti.d comparator 
(Mirapex IR tablets). 

As used in this application, the term "Cmin" and "trough levels" should be considered 
synonyms. Likewise, "Cmax" and "peak levels" should be considered synonyms. 

III. Dosage Forms 

The effective ingredient of the various dosage forms of the invention is pramipexole. 
Pramipexole (formula I below) is a dopamine D2 receptor agonist useful in treatment of 
Parkinson's disease and complications associated therewith. Pramipexole as its 
dmydrochloride salt is commercially available in the United States as MIRAPEX® tablets of 
Pharmacia' & Upjohn / Pfizer. These are marketed as immediate-release tablets in 0. 125 mg, 
0.25 mg, 0.5 mg, 1.0 mg and 1 .5 mg strengths, designed for tbrice-a-day oral administration 
of a single tablet each to provide a daily dose of 0.375 to 4.5 mg. See Physicians' Desk 
Reference 57th edition (2003), 2768-2772. Doses herein are expressed in amounts of 
pramipexole dihydtocbJotide monohydrate unless otherwise specified; e.g., 1.0 mg 
pramipexole dihydrochloride monohydrate is equivalent to about 0.7 mg pramipexole base. 
Other salt forms can be readily converted from the amount of pramipexole base contained 
therein. 




pramipexole (C !0 HnN 3 S 2 HCi H?0) 
It should be unde rstood that mention of pramipexole or a salt thereof herein embraces 
racemates, enantiomers, polymorphs, hydrates and solvates thereof. Pramipexole (1) is used 
preferably in the form of its S-enantiomer, (S>2-amino-4 J 5 J 6 f 7-tefaahydro-6-(propylammo)- 
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faeazo^iaisote. A preferred salt of pramipexole is the dihydrochloride salt, most preferably in 
the form of the monohydrate. Pramipexole compositions of the invention are preferably 
suitable for administration no more than once daily. Such compositions are useful in 
treatment of any CNS condition or disorder for which pramipexole has therapeutic utility, but 
especially Parkinson's disease and complications associated therewith. 

Pramipexols and its salts useful herein can be prepared by processes kno wn per se, 
including processes disclosed in patents and other literature pertaining to pramipexole. 

The amount of the pramipexole salt present in a composition of the invention is 
sufficient to provide a daily dose in one to a small plurality, for example one to about 4, of 
tablets to be administered at one time. Preferably the full daily dose is delivered in a single 
tablet. An amount of pramipexole salt, expressed as pramipexole dihydrochloride 
monohydrate equivalent, of about 0. 1 to about 1 0 mg per tablet, or about 0.05% to about 5% 
by weight of the composition, will generally be suitable. Preferably an amount of about 0.2 to 
about 6 mg, more preferably an amount of about 0.3 to about 5 mg, per tablet is present. 
Although many examples of this application use 0.375 mg pramipexole dihydrochloride 
monohydrate for Beagle dogs, specific dosage amounts per tablet contemplated herein 
include about 0.375, 0.5, 0.75, i .0, 1 .5, 3.0 and 4.S mg pramipexole dihydrochloride 
monohydrate. 

A. Immediate Release (1R) Composition 

By "immediate release composition" is meant a dosage form that is formulated to 
release substantially ail the active ingredient on administration with no enhanced, delayed or 
extended release effect. Such a composition may be in the form of a pellet (a term used 
interchangeably with "bead" or "beadlet" herein). The immediate release pellet can serve as a 
precursor to an extended or delayed release pellet, or be used with an extended or delayed 
release pellet 

The non-active ingredients and processes for preparing such immediate release pellets 
are well known in the art, and the present invention is not limited in these respects. See, for 
example, Remington's Pharmaceutical Sciences, 18th Edition, A. Gennuro, Ed., Mack Pub. 
Co. (Eastern, Pa. 1990), Chapters 88-91. the entireties of which are hereby incorporated by 
reference. 

For instance, an immediate release pellet can be prepared by mixing pramipexole with 
a bulking agent. Additionally, one can add disintegrating agents, antiadherents and glidants to 
the formulation. 
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Bulking agents employable in these compositions may be chosen from, among others: 
microcrystalline cellulose, for example, AVICEL® (FMC Corp.) or EMCOCEL® (Mendel! 
Inc.), which also has binder properties; dicalcium phosphate, for example, EMCOMFRESS® 
(Mendell Inc.); calcium sulfate, for example, COMPACTROL® (Mendell Inc.); and starches, 
for example, Starch 1500; and polyethylene glycols (CARBOWAX®). Such balking agents 
are typically present m the range of about 5% to about 75% (w/w), with a preferred range of 
about 25% to about 50% (w/w). 

Suitable disintegrants include* but are not limited to: crosslinked sodium 
carboxyme&yl cellulose (AC-OI-SOL®), sodium starch glycolaie (EXPLOTAB®, 
PRIMOJEL®) and crosslinked polyvinylpolypyrrolidone (FLASONE-XL*). Dismtegrams are 
used to facilitate disintegration of the pellet upon administration and are typically present in 
an amount of about 3% to about 1 5% (w/w), with a preferred range of about 5% to about 
10% (w/w), 

Anttadherents and glidants employable in such formulations can include talc, 
cornstarch, silicon dioxide, sodium kuryl sulfate, colloidal silica dioxide, and metallic 
siearates, among others. 

In addition, the immediate release composition may contain one or more binders to 
give the pellets cohesiveuess. Such binders are well known in the art, and include such 
substances as microcrystalline cellulose, polyvinyl pyrrolidone, starch, maltrin, 
methylcelhilose, hydroxypropyl methyteelhilose, earboxyrnethyl cellulose, sucrose solution, 
dextrose solution, acacia, iragaoanth and locust bean gum, which may be applied wet. The 
binding agent may be present in the composition in an amount of from about 0.2 wt % to 
about 40 wt %, preferably from about 5 wt % to about 30 wt %, or from about 10 wt % to 
about 1 5 wt %, 

The pellets can be mads by, for example, simple granulation such as wet granulation 
or dry granulation, followed by sieving; extrusion and marumerization {spheronization); 
rotogranuiation; or any agglomeration process that results in a pellet of reasonable size and 
robustness. For extrusion and marumerizatjon, the drug and other additives are granulated by 
addition of a binder solution. The wet mass is passed through an extruder equipped with a 
certain size screen, and the extrudates are spheronized in a marumerizer. The resulting pellets 
are dried and sieved for further applications. 

One may also use high- shear granulation, wherein the drug and other additives are 
dry-mixed and then the mixture is wetted by addition of a binder solution in a high shear- 
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granulator/mixer. The granules ace kne&ded after wetting by the combined actions of mixing 
and miffing. The resulting grannies or pellets are dried and sieved for further applications. 

Alternatively, and preferably, fee immediate release beadleis or pellets are prepared 
by solution or suspension layering, whereby a drug solution or dispersion, with, or without a 
binder and optionally an anti-tacking agent such as talc, is sprayed onto a core or starting 
seed (either prepared or a commercially available product) in a fluid bed processor or other 
suitable equipment. The cores or starting seeds can be, for example, sugar spheres or spheres 
made from microcrystaliine cellulose, The binder in the formula can be present m amounts 
ranging from about 0% to about 5% by weight, and preferably about 0,5% to about 2% by 
weight. The amount of anti-tacfcuig agent used can be from about 0% to about 5%, preferably 
about 0.5% to about 2% by weight. The drug thus is coated on the surface of the starting 
seeds. The drug may also be layered onto the drug-containing pellets described above, if 
desired. Following drug layering, the resulting drug-loaded pellets are dried for further 
applications, 

A protective layer, or overcoating, may be desired to ensure that tire drug-loaded 
pellets do not aggregate daring processing or upon storage. The protective coaling layer may 
be applied immediately outside the core, either a drag-containing core or a drug-layered core, 
by conventional coating techniques such as pan coating or fluid bed coating using solutions 
of polymers in water or suitable organic solvents or by using aqueous polymer dispersions. 
OPADRY® OPADRY H® (Colorcon) and corresponding color and colorless grades from 
Colorcon can be used to protect the pellets from being tacky and provide colors to the 
product. Different anhydride-based polymers (e.g., sebacic/fhmaric copolymers such as 
Spheroraer I or Spheromer II from Spherics, inc.) may also he used as protective layer. The 
suggested levels of protective or color coating are from about 1% to about 6%, preferably 
about 2% to about 3% (w/w). In certain embodiments, many ingredients can be incorporated 
into the overcoating formula, for example to provide a quicker immediate release, such as 
plastickers: aeetyitriethyl citrate, triethyl citrate, acetyitribntyl citrate; dibutylsebacate, 
triacetin, polyethylene glycols, propylene glycol and the others; lubricants: tale, colloidal 
silica dioxide, magnesium stearate, calcium stearate, titanium dioxide, magnesium silicate, 
and the like. 

Tn certain embodiments, the immediate release composition may be prepared as an 
uncoated tablet, or a tablet core prior to coating, comprising starch and a hydroplane polymer 
acting as a matrix for a water-soluble drug or prodrug requires to have a certain minimum 
hardness in order to be able to resist breakage and/or attrition due to mechanical stresses 
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imposed during a high-speed tableting operation (including all steps up to and including 
filling of the tablets into containers). The minimum acceptable hardness will depend on a 
number of factors, including fee seventy of fee mechanical stresses, but is typically at least 
about 20 SCU, preferably at least about 22 SCU, more preferably at least about 24 SOU 
(about 17 kp). 

Hardness can be increased by increasing the compression force applied by the tablet 
press, but only up to a certain level. At least in fee case of tablets as described herein, abo ve a 
certain compression force, further increases in compression force give little or no further 
increase in tablet hardness. There is. in other words, a maximum hardness achievable by 
compression of a particular starch / hydroplane polymer / active agent composition. A starch 
providing a maximum hardness inadequate to withstand the mechanical stresses of a high- 
speed tableting operation is unsuitable for the present purpose. Certain pregelatinized starches 
provide a maximum hardness of 20 SCU or less; these are starches having low tensile 
strength (0, 1 kN era" 2 ' or less). Even if a maximum hardness of at least about 20 SCU is 
achievable, with a starch of low tensile strength it may he achievable only by use of 
extremely high compression forces. A requirement for such forces reduces speed and 
efficiency and increases cost of a tableting operation and is undesirable for these reasons. 

The immediate release pellets are contemplated as being used in combination with 
extended release pellets and/or delayed release pellets in a single dosage form, and/or being 
modified to generate extended release (XR) pellets, delayed release (DR.) pellets, ami/or 
delayed and extended release (DXR) pellets in a single dosage form. 

B. Delayed Release Composition (DR) 

The del&yed-release component has a coat applied to the surface of the active pellet 
feat delays the release of the drug irons the pellet after administration for a certain period of 
time. This delayed release can be accomplished by applying a coating of enteric materials. 

"Enteric materials" are polymers fear are substantially insoluble in the acidic 
environment of fee stomach, but are predominantly soluble in intestinal fluids at various 
specific pH's, such as pH 4.5 or higher. The enteric materials are non-toxic, pharmaceutieally 
aeceptaMe polymers, and include, for example, cellulose acetate phthalate (CAP), 
hydroxypropyl mefeylcelluiose phthalate (HPMCP), polyvinyl acetate phthalate (PVAP), 
hydroxypropyl methylcellulose acetate succinate (HPMCAS), cellulose acetate trimellitate, 
hydroxypropyl mefeylcelluiose succinate, cellulose acetate succinate, cellulose acetate 
hexahydrophthalate, cellulose propionate phthalate, copolymer of meihyhnefeaerylic acid and 
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methyl methacryhte, copolymer ofme&yi acrylate, methylmetbacrylate and methaerya'c 
acid, copolymer of methylvinyl ether and maleic anhydride (Gantrez BS series), ethyl 
memyacrylate-me%^^ copolymer, 
natural resins such as aek, shellac and copal collophoriinri, carboxymeftyi eihylcellulose, 
Spheromer HI, Spheromer IV, co-polymerized memaerylic acid/methacrylic acid mefhyl 
esters such as, for instance, materials known under the trade name EUDRAGIT® L12.5, 
U00, or EUDRAGIT® S12.5, SI 00, and several ooaaaetdally available enteric dispersion 
systems (&g., EUDRAGIT® L30D55, EXJDRAGIT® FS30D, EUDRAGIT* LI 00-55, 
EUDRAGO* SI 00 (Rohm Pharma), KOLLICOAT® MAE30D and 30DP (BASF), 
ESTACRYL® 30D (Eastman Chemical), AQUATERT.C* and AQUACOAT* CPD30 
(FMC)), Acryl-EZE™ White, etc, 

The foregoing is merely a list of possible enteric coating materials, but one of skill in 
the art would appreciate that there are other such materials that would meet the objectives of 
the present invention of providing for a delayed release profile, including tailoring release 
based on. the ambient pM environment temporal considerations and/or other factors. 

These coating materials can be employed in coating the surfaces in a range of from 
about 1.0% (w/w) to about 50% (wAv) of the pellet composition! Preferably, these coating 
materials are in the range of from about 10-20% (w/w). The pellets may be coated in a 
fluidized bed apparatus or pan coating, for example, in a conventional maimer. 

With the enteric-coated pellets, there is no substantial release of praimpexole in. the 
acidic stomach environment of below about pH 4.5. The pramipexole becomes available 
when the pH~sensMve enteric layer dissolves at a higher pH in the GI tract, after a certain 
delayed time, or after the unit passes through the stomach. The preferred delay time is in the 
range of about 0.5 to about 6 hours, but more preferable is about 0.5 to about 4 hours. 

For example, certain DR pellets may be coated with EUDRAGIT® L30D-55, which 
dissolves at about pH 5.5-6,0, i.e., in the upper intestines. In other embodiments, the DR 
pellets may be coated with EUDRAGIT® FS30D, which dissolves at about pH 7.0, i.e., in the 
lower intestine and colon. 

As a variation of this embodiment, the XR pellet described above may be additionally 
coated with the enteric material to generate delayed and extended release (DXR) pellets. Such 
a dosage form is delayed release until the drug reaches non-acidic environment, such as the 
upper and/or lower intestine, and thereupon releasing drags over an extended period of time. 

C. Extended Release Composition (XR) 
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Pr&mipexole extended release pellets can be prepared in many different ways to 
achieve an extended release profile. 

For example, in certain embodiments, the subject pratmpexole XR pellets can be 
prepared by coating drug layered inert pellets with release-controlling polymers. First die 
inert pellet is coated %vith the drug layer, or a drug loaded granule is prepared, as described 
above. Then the active (drug loaded) pellet is coated with a release-controlling polymeric 
membrane, The release-controlling coating layer may be applied immediately outside the 
core (such as a drag-containing core or a drug-layered core), by conventional coating 
techniques, such as pan coating or fluid bed coating, using solutions of polymers in water or 
suitable organic solvents, or by using aqueous polymer dispersions. As an alternative 
embodiment, the release controlling membrane can separate additional drug layers on fee 
core; for instance, after coating with the release controlling substance, another drug layer can 
be applied, which is followed by another release controlling layer, etc. Suitable materials tor 
the release-controlling layer include BUDRAGIT® RJL, BUDRAGIT® RS, cellulose 
derivatives such as ethylceiiulose aqueous dispersions (AQUACOAT® SURELEASE®), 
hydroxyethyl cellulose, hydroxypropyl cellulose, hydroxypropyl methylcellalose, 
polyvinylpyrrolidone, polyvmylpyrralidoneA'inyl acetate copolymer, OPADRY*), and the 
like. The thickness of the coating affects tire release profile, and so this parameter can be used 
to customize the profile. The suggested coaling levels are from about 1 % to about 40%, about 
5% to about 30% (w/w), or about 20% or about 25% in other embodiments. 

For example, for pramipexole salts of high water solubility as specified herein, a 
hydrophilie polymer matrix core can be inadequate to provide sustained release of 
sufficiently long duration to permit once daily administration. It is believed thai such salts are 
readily leached out of the hydrophilie matrix when contacted by an aqueous medium such as 
gastrointestinal fluid. Thus in certain embodiments, it is desirable to further slow fee process 
of drug release by providing a release-controlling coating around the tablet to produce an 
extended-release (XR) tablet. Such a coating may comprise a hydrophobic or water-insoluble 
polymer component such as ethylceiiulose together with a hydrophilie or water-soluble pore- 
forming component such as HPMC. In addition, where tablets are to be subjected to an 
additional process step after compression, in particular a coating step, exposure to mechanical 
stresses is also greatly increased, 

Where a starch is used having a tensile strength of at least about 0,15 fcN cm" 2 , 
preferably at least about 0.1 75 fcN cm" 2 , more preferably at least about 0,2 JcN cm" 2 , at a solid 
fraction representative of the UhM (e.g., about 0.75 to about 0.85), the composition is found 
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to be especially suited to a high-speed iabieting operation that includes a step of coating fee 
tablet with a release-controlling layer. 

Alternatives to ethylceUaiose and HPMC as components of a release coating layer 
include other celMosic polymers (e.g„ metbylcelMose, hydroxypropylcelliilose, 
hydroxyeihylcelliuose, carboxynietbylcellulose sodium, cellulose esters such as cellulose 
acetate, etc.), polyvinyl acetate, polyvinyl pynoBdone, polymers and copolymers of acrylic 
acid and methacryKe acid and esters thereof, polyethylene glycol, carrageenan and other 
gums, etc, 

A release-controlling layer, if present, typically constitutes about 1% to about 1 5%, 
preferably about 2.5% to about 10%, by weight of the tablet as a whole. The hydrophobic or 
water-insoluble component, preferably comprising ethyleellulose, typically constitutes about 
1% to about 10%, preferably about 2% to about 7%, by weight of the tablet as a whole. The 
pore-forming component, preferably comprising HPMC, is typically present in an amount of 
about 5% to about 50%, preferably about 10% to about 40%, by weight: of the water- 
insoluble or hydrophobic component. 

The coating, if present, can optionally contain additional pharaiaceutically acceptable 
exeipients such as plasticizers, dyes, etc Illustratively, a release-controHtng layer in an 
amount of about 2.5% to about 5% by weight of the tablet core (i.e., the tablet weight 
excluding the coating) comprises an ethylcellulose-based material (e.g., SUREtEASE® of 
Coloreon) and an RPMC-based pore-forming material (e.g., OPADR.Y® of Colorcon) in a 
weight ratio of about 3: i to about 4: 1 . A release-controlling layer or coating is preferably 
applied at a relatively uniform miokness to provide even control of release rate of the 
praraipexole. 

Alternatively or in addition., the sustained-release tablet of the invention comprises a 
nonfunctional coating, A nonfunctional coating can comprise a polymer component, for 
example HPMC, optionally with other ingredients, for example one or more plasticizera, 
colorants, etc. Hie term "nonfunctional" in the present context means having no substantial 
effect on release properties of the tablet, and does not imply that the coating serves no useful 
purpose. For example, such a coating cart impart a distinctive appearance to the tablet, 
provide protection against attrition during packaging and transportation, improve ease of 
swallowing, and/or have, other benefits. A nonfimctional coating should be applied in an 
amount sufficient to provide complete coverage of the tablet Typically an amount of about 
1% to about 10%, mom typically an amount of about 2,5% to about 5%, by weight of the 
tablet m a whole, will be found suitable. 



-24- 



WO 2007/002518 



PCT/US2006/O24665 



Uncoated .tablets and cores of coated tablets of the invention can optionally contain 
one or more pharmaceutical acceptable excipients in addition to the starch and hydrophtlic 
polymer components described above. Such excipients include without limitation giidants 
and lubricants. Other conventional excipients known in the art can also be included, A giidant 
can be used to improve powder flow properties prior to and during Sableting and to reduce 
caking. Suitable giidants include colloidal silicon dioxide, magnesium trisiticare, powdered 
cellulose, stanch, tale, tribasic calcium phosphate and the Kke. In certain embodiments, 
colloidal silicon dioxide is included as a giidant in an amount up to about 2%, preferably 
about 0.2% to about 0.6%, by weight of the tablet A lubricant can be used to enhance release 
of a tablet from apparatus on which it is formed, for example by preventing adherence to the 
face of an upper punch ("picking") or lower punch ("sticking"). Suitable lubricants include 
magnesium stearate, calcium stearate, canoia oil, glyceryl palmrtostearate, hydrogenated. 
vegetable oil, magnesium oxide, mineral oil, poloxamer, polyethylene glycol, polyvinyl 
alcohol sodium benzoate, sodium lauryl sulfate, sodium stearyl mmarate, stearic acid, talc, 
hydrogenated vegetable oil, zinc stearate and the like, m certain embodiments, magnesium 
stearate is included as a lubricant in an amount of about 0.1% to about 1 .5%, preferably about 
0.3% to about 1%. by weight of the tablet. 

In another embodiment, the coated extended-release (XR) tablets of pramipexole 
dihydrocMoride of the invention are prepared using the composition shown in fee table 
below: 



Composition of coated tablets 



Ingredient 


Amount (mg) 


Pramipexole dihydrochloride raonohydrate 


0.375 


HPMC type 2208, 4000 mPa s 


140.0 


Pregelatinized starch 


206.5 


Colloidal silicon dioxide 


1.41 


Magnesium stearate 


1.75 


i Total core 


35fT 


Ethyicelliilose-based coating material (SUREtEASE®) 


14.0 


HPMC-based coating material (OPADRY*) 


3.5 


Total coating 


17.5 
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Tablet corns were prepared as following: all ingredients except the lubricant 
(magnesium stearate) were screened to remove lamps and were blended thoroughly in a low- 
shear mixer operating at 24 rpm for 10-30 minutes. The lubricant was then screened into the 
mixer and the materials were blended for a former 2-5 minutes. The resulting lubricated 
mixture was compressed into 350 rag (ablets using a GlobePharma Manual Tablet 
Compaction Machine. 

In an alternative embodiment pramipexole was layered onto the lactose particles to 
achieve its uniform dispersion, 

A coating solution was prepared as follows: OPADRY® HPMC-based material in an 
amount of 8,002 g was added to 171.735 g water and mixed for 45 minutes to provide an 
HPMC mixture. Next, 128.032 g SURELEASE® ethylceliulose-based material was added to 
the HPMC mixture and mixed for an additional 30 minutes to provide a coating solution. 

Coating to a 5% total weight gain and curing of the coated tablets were performed as 
following: the coating solution was applied to the tablet cores in an amount providing a 5% 
weight gain. The resulting coated tablets were- cared using a 12 inch (about 30 cm) Vector 
LCDS or 24 inch (about 60 cm) Thomas Accela-Coata coating pan for about 1 5 minutes at a 
bed temperature of at least about 70°C. After caring, temperature was ramped down over a 
period of about 8 minutes to an exhaust temperature of about 45 C C. 

The extended release pellets typically contain the same amount of total pramtpexole 
used for thriee-a-day conventional treatment, e.g., about 0,375 rag for the 0,125 rag regimen, 

IP. Exemplar? Delivery Devices 

A. General Considerations 

As noted previously herein, the compositions of the present invention can be in a 
number of different forms, such as tablets, powders, suspensions, solutions, etc. The 
composition is preferably in pellet/beadlei form., which can be incorporated into hard gelatin 
or other kinds of capsules, either wife additional excipients, or alone. 

The dosage formulations described herein, e.g., the cores of tablets and drug elating 
devices of the invention, may contain one or more excipients, camera or diluents. These 
excipients, carriers or diluents can be selected, for example,, to control the disintegration rate 
of a tablet or drug elat ing device to fit the desired release profile according to me instant 
invention. In addition, the one or more carriers (additives) and/or diluents may be 
pharmaceutieally acceptable, 
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The phrase ^haimseeivticaily acceptable carrier" as used herein means a 
pharmaceutically acceptable material, composition or vehicle, such as a liquid or solid filter* 
diluent, excipient, solvent or encapsulating material, involved in carrying or transporting the 
subject regulators from one organ, or portion of the body, to another organ, or portion of the 
body. Each earner must be "acceptable" in the sense of being compatible with the other 
ingredients of the formulation and not injurious to the patient Some examples of materials 
which can serve as phaimaceutically acceptable carriers include (1) sugars, such as lactose, 
glucose and sucrose; (2) starches, such as com starch and potato starch; (3) cellulose, and its 
derivatives, such as sodium carboxymetfayl cellulose, ethyl cellulose and cellulose acetate; (4) 
powdered tragaeanth; (5) malt; (6) gelatin; (7) tale; (8) excipients, such as cocoa butter and 
suppository waxes; (9) oils, such as peanut oil, cottonseed oil, safflower oil, sesame oil, olive 
oil, corn oil and soybean oil; (10) glycols, such as propylene glycol; (1 1) polyols, such as 
glycerin, sorbitol manmtol and polyethylene glycol; (12) esters such as ethyl oleate and ethyl 
laurate; (13) agar; (14) buffering agents, such as magnesium hydroxide and aluminum 
hydroxide; (1 5) alginic acid: '(16) pyrogen-ftee water; (17) isotonic saline; (IS) Ringer's 
solution; (19) ethyl alcohol; (20) phosphate buffer solutions; and (21) other non-toxic 
compatible substances employed in pharmaceutical formulations. 

Typical excipients to be added to a capsule formulation include, but are not limited to: 
fillers such as mierocrystailme cellulose, soy polysaccharides, calcium phosphate dihydrate, 
calcium sulfate, lactose, sucrose, sorbitol, or any other inert filler. In addition, there can be 
flow aids such as fumed silicon dioxide, silica gel, magnesium stearate, calcium stearate or 
any other materials that impart good How properties. A lubricant can also he added if desired, 
such as polyethylene glycol leucine, glyceryl behenate, magnesium stearate or calcium 
stearate. 

The formulations can conveniently be presented in unit dosage form and can be 
prepared by any of the methods well known in the art of pharmacy. All methods include 
bringing into association the drug with the carrier or diluent which constitutes one or more 
accessory ingredients. In general, the formulations are prepared by uniformly and intimately 
bringing into association the agent with the carriers and then, if necessary, dividing the 
product into unit dosages thereof. It will be understood by those skilled in the art that any 
vehicle or earner conventionally employed and which is inert with respect to the active agent, 
and preferably does not interfere with bloadhesion in embodiments employing a bioadhesive 
coating, may be utilized for preparing and administering the pharmaceutical compositions of 
the present invention. Illustrative of such vehicles and carriers are (hose described, for 
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example, in Remington's Pharmaceutical Sciences, 18th ed, (1990), the disclosure of which is 
incorporated herein by reference. 

Examples of carriers and diluents include phannaeeutic-ally accepted hydrogeis such 
as alginate, chitosan, mefeylniethaeryiaies, cellulose and derivatives thereof (macrocrystalline 
cellulose, hydroxypropyl cellulose, hydnoxypEopy! methyl cellulose, caiboxymethylceUulose, 
ethylcellulose), agarose and POVIDONE™, kaolin, magnesium stearate, starch, lactose, 
sucrose, density-controlling agents such as barium sulfate and oils, dissolution enhancers 
such as aspartie acid, citric acid, glutamic acid, tartartic acid, sodium bicarbonate, sodium 
carbonate, sodium phosphate, glycine, trieine, Tromeihmnine, and TRIS. 

The exdpients, carriers or diluents can also be selected to control the time until a 
dosage form detaches from a mucosal membrane. In particular, the addition of one or more 
disintegrating agents will reduce the time until a tablet or drug ehiting device detaches. 
Alternatively or in combination with the distotegratmg agents, an agent that interferes with 
the mocosa-tablel7 device adhesion can be used to control the time until detachment occurs. 

As set out above, certain components, such as pramipexole, of the present 
pharmaceutical compositions may contain a basic functional group, such as amino or 
alkylamino, and are thus capable of formrag pharmaceutical^' acceptable salts with 
phannaceaiicatty acceptable acids. The term "pharmaceuricaliy acceptable salts" in this 
respect, refers to the relatively non-toxic, inorganic and organic acid addition salts of 
compounds of the present invention. These salts can be prepared in situ during the final 
isolation and purification of fee compounds of the invention, or by separately reacting a 
purified compound of the invention in its free bast- form with a suitable organic or inorganic 
acid, and isolating the salt thus formed. Representative salts include but are not limited to 
following: 2-hydroxyetliauesuifbnate, 2-naphthalenesulfonate, 3~hydroxy-2-naphthoate, 3- 
phenylpropjonate, acetate, adipate, alginate, amsonate, aspartate, benzenesulfonate, benzoate, 
besyl&te, bicarbonate, bisultate, bitarvrate, borate, butyrate, calcium edetate, camphorate, 
camphonsulfonate, camsylate, carbonate, citrate, clavuiariaie, cyclopentanepropionate, 
dig! neonate, dodecylsulfats, edetate, edisylate, estolate, esylate, ethanesulfonate, lumarate, 
glueeptate, glueoheptanoate, gluconate, ghitarnate, glycerophosphate, glyeollyiarsanilate, 
hemisulfaie, heptanoate, hexafluorophosphate, hexanoate, hexylresorcinate, hydrabamme, 
hydrobromide, hydrochloride, hydroiodide, hydroxvnaphthoate, iodide, isothionate, lactate, 
laetobionate, iaurate, hiuiylsulphonate, maiaie, maleate, mandelate, mesylate, 
methanesulfonate, methylbromide, methytaitrate, mefeylsulfate, raucate, naphthylate, 
napsylate, nieotinate, nitrate, K-memylglueamtoe ammonium salt, oleate, oxalate, palmitate. 
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pamoate, pantothenate, pectinate, persulfate, phosphate, phospnate/diphosphate, pierate, 
eivalate, polygalactusonafe, propionate, p-tolBenesiufonate, salicylate, stearate, subacetate, 
succinate, sulfate, sul&salieulate, suxamats, tannate, tartrate, teoclate. firiooyanate, tosylate, 
triethiodide, undecanoate, and valerate salts, and the like, (See, for example, Berge etaL> 
'Pharmaceutical Salts", J. Phurm, Set 66: 149, 1977). 

In certain embodiments, the phannaceuticalry acceptable salts of compounds, such as 
pramipcxole, include the conventional non-toxic salts of the compounds, e.g., from non-toxic 
organic or inorganic acids. Particularly suitable are salts of weak acids. For example, such 
conventional non-toxic salts include those derived from inorganic acids such as hydrochloric, 
hydiobroinie, hydriodie. cinaaraic, gluconic, sulfuric, sulfamic, phosphoric, nitric, and the 
like; and the salts prepared from organic acids such as acetic, propionic, succinic, glycolic, 
stearic, lactic, maleic, tartaric, citric, ascorbic, palmitic, maleic, hydroxyrnaleic, phenylaeetic, 
glutamic, benzoic, saHcyctic, sulfanilic, 2-acetoxy'benz.oic, fumarie, toluenesdfomb, 
raefhanesul&nk, ethane disulfonic, oxalic, isothionic, and the like. 

In other cases, the components of formulations of the- present invention may contain 
one or more acidic functional groups and, thus, are capable of forming pharraaceiitically 
acceptable salts with pharmaceutically acceptable bases. The term "pharniaceutscally 
acceptable salts" in these instances refers to the relatively non-toxic, inorganic and organic 
base addition salts of compounds of the present invention. These salts can likewise be 
prepared in situ during the JSnal isolation and purification of the compounds, or by separately 
reacting the purified compound in its free acid form with a suitable base, such as the 
hydroxide, carbonate or bicarbonate of a pharmaceutically acceptable metal cation, with 
ammonia, or with a pharmaceutically acceptable organic primary, secondary or tertiary 
amine. Representative alkali or alkaline earth salts include the lithium, sodium, potassium, 
calcium, and magnesium salts and the like. Representative organic amines useful for the 
formation of base addition salts include ethykmine, diethylamide, ethylenediamine, 
fromemamin, eilianoiamine, diethanolamine, piperazme and the like. (See, for example, 
Berge et al, supra). 

Wetting agents, eninlsMers and lubricants, such as sodium lauryl sulfate and 
magnesium stearate, as well as coloring agents, release agents, coating agents, sweetening, 
flavoring and perfuming agents, preservatives and antioxidants can also be present in the 
compositions. 

Pharmaceutically acceptable antioxidants may also be included. Examples of 
pharmacenticatty acceptable antioxidants include: (1) water soluble antioxidants, such as 
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ascorbic acid, cysteine ayoroctiionde, sodium bisulfate, sodium metabisulfite, sodium sulfite 
and the like; (2) oil-soluble antioxidants, such as ascorbyl palraitate, butylated 
hydroxyanisole (BHA), butylated hydroxytoluene (BHT), lecithin, propyl gattate, alpha- 
tocopherel, and tiie like; and (3) metal chelating agents, such as citric acid, ethyleraediamine 
tetraacetic acid (EDTA), sorbitol, tartaric acid, phosphoric acid, and the like. 

In certain embodiments, the disintegration time of a composition (e.g., XR or DXR.) 
may be formulated to effect a substantially zero-order release, over a period of 2, 4, 6, 8, 12, 
or 24 hours, for instance. 

In certain embodiments, multiparticulate capsules are preferred because they provide 
an increased surface area as opposed to a tablet or matrix, and thus allow for better release 
profiles and bioavailability. 

However, the pellets described above can be incorporated into a tablet, in particular 
by incorporation into a tablet matrix, which rapidly disperses the particles after ingestion. In 
order to incorporate these particles into such a tablet, a filler/binder must be used in the 
tableiing process that will not allow the destruction of the pellets during She tablettng process. 
Materials that are suitable for this purpose include, but are not limited to, niictocrystalline 
cellulose (AVICEL®), soy polysaccharide (EMCOSOY®), pre-gelatinized starches 
(STARCH® .1500, NATIONAL* 1551), and polyethylene glycols (CARBOWAX®). These 
materials should be present in the range of about 5%-75% (w/w), and preferably between 
about 25%-50% (w/w). 

In addition, disintegmnts may be added to the tablets in order to disperse the beads 
once the tablet is ingested. Suitable disintegrants include, but are not limited to: crosslinfced 
sodium carboxymethyl cellulose (AC-DI-SOL®), sodium starch glycokte (EXPLOTAB®, 
PRIMOIEL*), and crosslmked polyviuyipolypyrrolidone (Plasone-XL). These materials 
should be present in the range of about 3%-l 5% (w/w), with a preferred range of about 5%- 
10% (w/w). 

Lubricants may also be added to assure proper tabieting, and these can include, but 
are not limited to: magnesium stearate, calcium stearate, stearic acid, polyethylene glycol, 
leucine, glyceryl behenate, and hydrogenated vegetable oil. '.These lubricants should be 
present in amounts from about 0.1%-10% (w/w), with a preferred range of about 0.3%-3.O% 
(w/w). 

Tablets are formed, for example, as follows. The pellets are introduced into a blender 
along wi th AVICEL* disintegrants and lubricant, mixed for a set number of minutes to 
provide a homogeneous blend which is then put in the hopper of a tablet press with which 
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tablets are compressed, Hie compression force used is adequate to form a tablet; however, it 
is not sufficient to fracture fee headlets or coatings. 

The subject onee~a-day dosage forms of pramipexole typically contain the same total 
amount of therapeutically effective amount of pramipexole thai is administered to a patient 
dating a conventional pramipexole treatment For example, for the treatment of PD, one 
conventional thriee-a-day regimen comprises 3 times a day of 0, 125 mg pramipexole each 
(other dosages are available as 0.5, 0.75, L0, 1 .5, 3.0, and 4.5 mg. etc.). Thus for this 
embodiment, the total amount of pramipexole for PD treatment is about 0,375 mg (3 x 0. 125 
mg) in the subject once-a-day dosage forms. However, in certain embodiments, the total 
amount of pramipexole used may be adjusted upward or downward by, for example. S-30%, 
or 10-20%. etc., depending on specific, patient's age, weight, gender, race, health condition, 
and other considerations. 

In certain embodiments, fee subject pharmaceutical composition is formulated for 
variable dosing, such as customized dosing for individual patients. 

In addition, more than one type of drugs can be present in a tablet or a drag ehiting 
device of the invention, e.g., for combination therapy with other pharmaceutical compositions 
effective for treating PD or other movement disorders (see below). The drugs can be evenly 
distributed throughout a medicament or can be heterogeneously distributed in a medicament, 
such that one drug is fully or partially released before a second drug. See different 
embodiments of the drug devices and/or layering in other parts of tins specification. 

Dosage forms of the invention typically weigh tit least about 50 mg. Dosage forms 
(such as the various shell designs of the invention) can also weigh at least 1 00 mg, at least 
150 mg, at least 250 mg, at least 500 mg, or at least 1000 mg, etc. 

Dosage forms of the invention typically measure at least 2 mm in one direction. For 
example, dosage forms can measure at least 5 mm, at least 10 mm, at least 1 5 mm or at least 
20 mm in one direction. Typically, the diameter of the dosage forms is 2 to 40 mm, 
preferably 10 to 30 mm such as 20 to 26 mm. Mini-tablets have a diameter of 2 mm to about 
5 mm. Such dosage forms can measure at least 2 ram, at least 5 mm, at least 10 mm, at least 
1 5 mm or least 20 mm in a second direction and, optionally, a third direction. Preferably, the 
dosage form is of a size that facilitates swallowing by a subject 

The volume of a typical dosage form of the invention is at least 0.008 mL, at least 
0.01 mL, at least 0.05 mL, at least 0.1 mL, at least 0.125 mL. at least 0.2 ml, at least 0.3 mL, 
at least 0.4 mL or at least 0.5 mL. 
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Dosage forms of the invention may be a tablet mat can be of any suitable size and 
shape, for example, round, oval polygonal or pillow-shaped, and optionally bear 
nonfunctional surface markings. Especially in the case of coated tablets, they are preferably 
designed to be swallowed whole and are therefore typically not provided with a breaking 
score. Tablets of the invention can be packaged in a container, e.g., accompanied by a 
package insert providing pertinent information such as, for example, dosage and 
administration information; contraindications, precautions, ding interactions and adverse 
reactions. 

To produce a dosage form that can release at least two or three drags at two or three 
different rates, and with preprogrammed delays, special dosage forms are used. For example, 
in the embodiments of the invention wherein different dosage forms of pramipexole (e.g., IR, 
DR, XR> DXR, etc.) am designed to be released concomitantly, die drugs may be formulated 
as bilayer (or other multilayer) tablets or shells (e.g., stacked layer of cakes, each may 
represent an independent formulation). Alternatively, the drugs may be formulated as a tablet 
within a tablet or bead (not limited to two nested layers). Optionally, a bioadhesive layer may 
be coated over part or ail of a gel capsule (or other forms of delivery device) to enhance the 
stay of the device within a certain area of the GI tract, such as the intestine. 

B. Exemplary Delivery Devices / Forms 

in certain embodiments, the drugs may be formulated into a core tablet held in a 
recessed fashion within an annular ring of drug material. Such a dosage form is described in 
U.S. patent application Ser. No. 10/419,536 entitled ''Dosage Form with a Core Tablet of 
Active Ingredient Sheathed in a Compressed Angular Body of Powder or Granular Material, 
and Process and Tooling for Producing It," filed on Apr. 21, 2003 and Ser. No. 10/379,338 
entitled "Controlled Release Dosage Forms," filed on Mar. 3, 2003 and are incorporated 
herein by reference. This design may be used for many embodiments of the subject dosage 
forms. For e7<aniple, fee outer annular ring is formulated for either immediate release (IR) or 
extended release (XR) delivery for a desired amount of time. The inner core(s) of the dosage 
form may be released after a delay which may be formulated for the desired release profile. 
The enteric coating covers the tablet to delay drug delivery until the tablet enters a non-acidic 
environment. 

Other embodiments of the invention use the dosage form described in U.S. patent 
application Ser. No. 10/191,298 entitled S£ Dmg Delivery System for Zero-order, Zero-Order 
Diphasic, Ascending or Descending Drug Delivery/' filed on Jul. 10, 2002, incorporated 
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herein by reference. The dopamine franspori irdnbitor may be formulated in the tablet mantle 
and released at the desired rate after a delay. The prainipexok composition may be 
formulated in the expanding plug and released at the desired rate upon entry into fee intestine. 

Another embodiment of this invention may be achieved by formulating each of the 
drags as pellets / beads, each with its own release profile and delay where applicable, and 
delivering the mixture of the pellets (e.g., 138, DS, DXR, etc.) in a shell using methods 
commonly known in the art. Furthermore, the proportions of the different types of pellets / 
beads may be altered or customized by a skilled artisan (e.g>, qualified physician or 
pharmacologist), based on an Individual patient's characteristics, such as weight, age, gender, 
ethnicity, and/or specific genetic backgrounds. Such customization may be effected with the 
aid of, or automatically executed by a computer program based on relevant parameters such 
as those described above. 

In certain embodiments, the drag-releasing beads are characterized by a dissolution 
profile wherein 0 to 20% (e.g., 1.-20%) of the beads undergo dissolution and release die drug 
in 0 to 2 hours. 20 to 40% undergo dissolution and release the drug in 2 to 4 hours, 40 to 60% 
exhibit dissolution and release in 4 to 6 hours, 60 to S0% in 6 to 8 hours, and 80 to 100% in $ 
to 10 bom's or longer. Hie drug-releasing beads can include a central composition or core 
comprising a drug and pharmaceutically acceptable composition forming ingredients 
including a lubricant, antioxidant, and buffer. The beads comprise increasing doses of drug, 
for example, 0. 1 mg, 0,2 mg, 0.5 rng, and so forth to a high dose. For sustained release 
embodiments, the beads may be coated with a release rate-controlling polymer that can be 
selected utilizing the dissolution profile disclosed above. The manufacture of the beads can 
be adapted from, for example, Lin et at, Inter. J, ofPharm. 112: 105-116, 1994; Liu era!., 
Inter. J. ofPharm. 112: 117-124, 1994; Pharm. Set, by Remington, 14th Ed. pp. 1626-1628 
(1970); Fincher ef a/.,./. Pharm. Set. 57: 1S2S-1835, 1968; and U.S. Pat. No. 4,083,949. 

Certain embodiments of the subject beads or pellets are described in more detail 

below. 

Some specific tablets or gel capsules designed are described below for illustration 
purpose. These designs are by no means limiting, and a skilled artisan can readily envision 
other equivalent designs based on the general teachings described herein. 

In one example, as shown in the schematic drawing of Figure 1 A (not necessarily to 
scale), the tablet is a longitudinally compressed tablet The core of the tablet is a slow- 
eroding active core 1 with pi atrapexole and other pharmaceutical excipients. The side of the 
core is coated with a bioadhesive polymer layer 4, while tire two ends of the core are coated 
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with an insoluble plug 2 and an enteric polymer plug 3, respectively. The enteric polymer 
plug 3 will only dissolve in a relatively higher pH environment (e.g., shout pH 4.5 and 
higher), such as those found in intestine or colon. Once the enteric polymer layer 3 is 
dissolved, the active core .1 starts to release its contents. The bioadhesive layer 4 is selectively 
adhesive to intestine or colon, such that the content of the active core I may he released over 
a prolonged period of time. 

Figure IB shows a slight variation of (he device depicted in Figure 1 A, in that the 
insoluble ping 2 in replaced by a second enteric polymer plug 2. According to this 
embodiment, both enteric polymer plugs 2 will dissolve in relatively higher pH environments, 
either substantially simultaneously, or at different time, such that the rate of release from the 
slow-eroding active core 1 may be regulated. 

Figure IC shows yet another alternative embodiment, in. that the slow eroding active 
core 1 in Figure 1 A becomes two consecutive layers - an immediate release active core layer 

2, followed by a slow-eroding active core layer 1. As a result, once the enteric polymer plug 4 
is dissolved, the immediate release layer 2 provides a rapid drag release, which is maintained 
by more sustained drug release from the slow-eroding active core 1, 

Figure ID shows a schematic (not necessarily to scale) drawing of another 
embodiment of the delivery device containing multiparticulate beads / pellets, The 
multiparticulate dosage form combines two types of pellets - the immediate release pellets 1 
and the controlled release active pellets (DR or XR) 2 - both embedded in an appropriate 
matrix of excipienis (e,g,,-HPMC, MCC, lactose). The matrix is inside a hard gelatin capsule 

3, which in turn is coaled by enteric material 4. This type of dosage form will provide 
multiple pulses of drug release, with the effect being a more or less sustained blood level of 
drug within the acceptable range. The release is delayed by the enteric coating 4 m order to 
by-pass the upper GI tract. 

With this combination, the IR pellets are designed to provide an effective blood level 
soon after the start of die drug relea se, which is subsequently maintained by the DR and/or 
XR combinations. The DR portion provides an immediate release after a delay, i f XR pellets 
are also used, the XR portion provides an extended release profile that maintains the effective 
blood level ofpramipexole- throughout the remaining course of the day. The total dose of 
pramipexole in this composition is usually no greater than 0.375 nig. The IR pellets may 
comprise 1/3 (or 0.125 mg) of the total, while the remaining 2/3 is provided by the DR and/or 
XR. 
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A similar effect may be achieved by a device as depicted in Figure IE, where an 
enteric coating 3 covers an inner core with two (asymmetric) portions - the immediate release 
active layer (IR) 1 and the controlled release active layer (DR orXR) 2. The ratio of IR to DR 
/ XR may he anywhere between 1:10 to 2: L in a preferred embodiment, the ratio may be 1 :2 . 

In Figure IP, the complex core of Figure IE is replaced with a uniform slow-eroding 
or non-eroding active matrix core 1 , from which pramipexole is released after the enteric 
coating 2 is dissolved. 

Figure 10 presents yet another embodiment, wherein an enteric coating' 4 delays the 
release its drag contents. Upon degradation of the enteric coating 4, die immediate Mease 
active core 1 is quickly dissolved, effectively splitting the core into two halves of controlled- 
release active core 2, each coated by a layer of rate-controlling coating 3 at surfaces not in 
contact with the immediate release active core 1, Thus the release of tire drug content from 
me controlled-reiease active core 2 is only through the rate-controlling coating 3 
(comparatively slow) before the immediate release active core 1 is dissolved. The rate 
gradually increases as the immediate release active core 1 dissolves, exposing more surface 
area of the two controlled-reiease active cores 1 not coated by the raie-controIHng coating 3. 
Release profile may he controlled by, tor example, the amount of the immediate release 
active, core 1, the thickness and material of the mte-con(rollsng coating 3, the geometric shape 
/ surface area of the controlled-reiease active core 2 directly in contact with the immediate 
release active core 1, etc. 

In Figure IR, the active core 1 is substantially covered by a layer of semi-permeable 
coating 3, which contains one or more small openings / orifices 2. The outermost portion of 
the whole device is further coated with a layer of delayed-reicase coating / enteric coating 4. 
Once coating 4 is dissolved, the orifice(s) is exposed, allowing direct release of the active 
core I through the orifice(s) 2. Different release profiles may be obtained, for example, by 
controlling the number and/or size of the orifice(s) 2, the thickness and/or material of the 
semipermeable coating 3. 

An alternative embodiment is shown in Figure H. Although the enteric coating 
outside tire semi-permeable coating 5 is not shown, the enteric coating may be added in 
certain embodiments. For the depicted embodiment in Figure II, the core comprises three 
layers, with the middle layer being the active core 1, Underneath the active core 1 is a push, 
layer 2 that will swell after the tablet comes into contact with body fluid and when the fluid 
enter the tablet through the ssmi-permeable coating 5, Above the active core is a deiayed- 
xelease ia3 f er 3 having access to one or more oririce(s) for drug release. The swelling push 
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layer 2 will cause first the delayed-release layer 3, and then the active core 1 to be released 
through the orifice 4. The delayed release layer may also have the IR component or an 
immediate release component in between the delayed release and slow release core layer. 

In yet another embodiment (Figure IT), the immediate release beads / pellets 1 and the 
controlled-reieass (XR and/or DR and/or DXR) beads / pellets 2 are embedded within the 
enteric polymer material 3 as miilttparticulaie heads / pellets. The enteric polymer material 3 
may additionally comprise compression enhancers or fillers, or any other materials described 
herein that are customarily used in tablet production. 

Alternatively, the IR portion of the dosage form is formulated as a matrix for 
embedding one or more other portions of the same dosage form (DR, XR, DXR, etc.). lire IR 
may be coated by enteric layer to avoid release in upper GI tract Bach controlled release 
portion (DR, XR, DXR, eta) is optionally coated by a bioadhesive coat and/or a delayed 
release coat. Each CR portion may be formed as microparticSes (e.g. , beads) suspended in the 
first portion (e.g., IR portion) matrix, The disintegration of the matrix leads to the release of 
the embedded microparricles, which may re-adhere to the gut or other tissues (if coated by 
bioadhesive layer), and provided for sustained release. 

Figure 12 features yet another configuration of the delivery device, in which a drug 
portion 1201 is sandwiched between two adhesive layers .1.202 a layered cross section) 
or inside one continuous adhesive layer 1202 (e.g., configured as a filled tube). 
SPHEROMER™ I [p(FASA)3 and SPHEROMER™ III are exemplary such bioadhesive 
layers. The portion / layer can (but need not) be substantially flat. In certain embodiments, 
there are two substantially fiat adhesive layers 1202 sandwiching one drug layer 1201. 
Components of the drug can be either released from surfaces not in contact wi th the adhesive 
parts 3202, and/or through the adhesive materials if such materials are at least partially 
permeable. 

In certain embodiments, at) immediate release portion IR 1203 may be present, and is 
coated over all or a part of the adhesive layer 1202. hi certain embodiments, the rapid 
dissolution of the IR portion exposes a dreg surface not in contact with the adhesive material. 
In another embodiment, the dissolution of the IR portion does not substantially change the 
release rate of the drag portion. This multilayer configuration is finally applied with an 
enteric ox delayed release coating. 

Figure 13 features yet another configuration of the subject delivery device, which 
may be used in general to deliver any kind of drugs {or prodrcgs/fnefabolic precursors 
thereof, etc). It should be understood that the subject delivery devices (such as the one 
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described in Figure 13), dosage form, and methods of making and using are not limite d to 
these specific exemplary drag compositions described herein. 

Thus according to this aspect of the invention, any drug to be delivered (e.g. , 
pramipexole), optionally including a bioadhesive polymer composition, and/or 
pharmaceutically acceptable exeipients, may be formulated using the subject granulation- 
extniaion-spheronizatkm process into nmltiparticalate pellets, which in turn may be dispersed 
in certain matrix materials, or simply encapsulated m capsules, e.g., according to the various 
embodiments disclosed above. 

Specifically, appropriate amounts of the different ingredients are first weighed and 

mixed. 

Suitable exeipients for use in the subject granulation-exmisson-spheronjmtion process 
include: Sfctrcap-1500, starch-1500, and glycerine monostearate. In certain embodiments, the 
mixture is substantially free of microcrystalline cellulose. 

In an exemplary embodiment, about 30-90%, about 40-85%, or about 50-80% (v/v) of 
the mixture (and the pellets formed (herefrom) is effective Ingredient (e.g,, drug 
composition), rather than exeipients or polymers. Such loadings can be achieved using any 
drug or combination of drugs that are suitably cohesive, plastic, and engage in hydrogen 
bonding, Pramipexole is an example of such drugs, though others will be known to or can be 
easily identified by those of skill in the art. 

These different ingredients can then be blended together in any suitable device, such 
as a planetary type mixer (eg,, Hobart Mixer with a 5-qt mixing bowl, operating at the speed 
setting #1 , for about 5-15 ink). Optionally, the blending process Is done in small volume to 
reduce any possible loss of the ingredients due to their non-specific adherence to the blending 
device. The blending step is typically done to ensure the formation of a uniform dry mix of 
the ingredients, typically over a period of, e.g.. 5-15 min. 

The dry mix is then, granulated, e.g., under low shear with a granulation fluid, so as to 
form a wet granulation. Granulation fluids may be purified water, an aqneons solution of a 
mineral or organic acid, an aqueous solution of a polymeric composition, a pharmaceutically 
acceptable alcohol, a ketone or a chlorinated solvent, a hydro-alcoholic mixture, an alcoholic 
or hydro-alcoholic solution of a polymeric composition, a solution of a polymeric 
composition in a chlorinated solvent or in a ketone, etc, or any suitable mixture thereof 

In certain embodiments, the granulation process is conducted in a small volume, such 
as in a 500-mL cylindrical vessel. 
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In certain embodiments, the granulation process is conducted wife manual mixing, or 
conducted mechanically, e.g. , in a planetary type mixer (such as a Hobart Mixer with a 5-qt 
'nixing bowl). If file Hobart Mixer is used, it can be operated at its speed setting #1, 
depending on the ba tch size . Other types of mechanical mixers may also be used, with their 
respective appropriate settings, to achieve substantially die same result 

Once the wet granulation is formed, it is extruded through the screen of a screen-type 
extruder. In certain embodiments, a Caleva Model 20 (or Model 25) Extruder may be used, 
operating at 10-20 rpra, and forming breakable wet strands ("the extrudate"). The screen 
aperture may be set at 0.8, 1 , or 1 .5 mm. Other types of extruders may be used to achieve 
substantially the same result. 

The extrudate is then spheronized in a spheronizer. For example, a Caleva Model 250 
spheronizer equipped with a 2.5-mra spheronization plate may be used, which may be 
operated at a speed of about 1000-2000 rpm, typically tor 5-10 mm., in order to form 
spheronized pellets. Other types of spheronizer may be used to achieve substantially the same 
result 

The spheronized pellets are then dried. The dry ing may be conducted in a fluidized 
bed drier, such as a Vector MFL.01 Micro Batch Fluid Bed System. If the Vector drier is 
used, it may be operated at an inlet air flow rate of i 00-300 Ipni (liters per minute) and an 
inlet air temperature of about 50 *C.. Alternatively, die pellets may be dried in an ACT 
(Applied Chemical Technology) fluidized bed drier, operating at an inlet air flow rate of 140- 
1 50 fprn (foot per minute) and an inlet air temperature of 104 °F. Other types of driers may 
also be used to achieve substantially the same result. Depending on the specific type of drugs 
/ compositions, the drying temperature for a drier similar to the Vector drier may be between 
35-70 °C, or 40-65 *C, or 45-60*0, or 45-55 "C, etc. The drying temperature for a drier similar 
to the ACT drier may be between 70-140 % or 80-130 T, or 90-120% or 100-1 10 °F, etc. 

In yet another embodiment the spheronized pellets may be dried in an oven, such as a 
Precision gravity oven, operating at about 50 «G for 4-4S hrs, or 8-24 bus. Depending on the 
specific type of drugs / compositions, the oven drying temperature for a drier similar to the 
Precision gravity oven may be between 35-70 °C, or 40-65 °C, or 45-60*0, or 45-55 °C, etc. 

The dried pellets are then screened aad/or classified. This can be done by using a 
stack of sieves, such as stainless steel sieves U.S. standard mesh sizes 8, 10, 12, 14, 16, 18, 
20, 25, 30, 40, 45, or 60, eta, and using a mechanical sieve shaker (eg,, W.S. Tyler Sieve 
Shaker Re-Tap Rx-29 f operated for 5 min.). Particle size and distribution of pellet 
formulations can then be analyzed, and the classified pellets ranging from 0.25 mm (mesh # 
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60) to 2 mm (mesh. # 1 0) may be selected for use or future formulation, such as additional 
film coating or other experimentation. 

Iii certain embodiments, the selected pellets may be fUm-coated, e.g., with a delayed- 
telease coating (such as an enteric coating), a controlled-release (CR.) coating, a hioadhesive 
polymeric composition, and/or a dispersion-promoting coating, etc. 

For example, the pellet core may be optionally surrounded by a CR coating, such as 
polymeric substance based on acrylates and/or raemacrylates, e.g., a EUDRAGIT™ polymer 
(sold by Rohm America, be). Specific EUDRAGIT™ polymers can be selected having 
various permeability and water solubility, which properties can be pH dependent or pH 
independent. For example, EUDRAGIT™ RL, EUDRAGIT™ NE } and EUDRAGIT™ RS 
are acrylic resins comprising copolymers of acrylic and methacrylic acid esters with a low 
content of quaternary ammonium groups, which are present as salts and give rise to the 
permeability of the lacquer films. EUDRAGIT™ RL is freely permeable and EUDRAG IT™ 
RS is slightly permeable, independent of pH. In contrast, the permeability of EUDRAGIT™ 
L is pH dependent. EUDRAGIT 1 M L is an anionic polymer synthesized from methacrylic 
acid and methacrylic acid methyl ester. It is insoluble in acids and pure water, but becomes 
increasingly soluble in a neutral to weakly alkaline solution by forming salts with alkalis. 
Above pH 5,0, the polymer becomes increasingly permeable. If desired, two or more types of 
polymeric substances may be mixed for use as the CR coating. Other polymers suitable for 
CR coatings, such as ethyl cellulose and cellulose acetate, can also be used in the CR coating. 
In certain embodiments, the CR coating may comprise one or more suitable polymers, such 
as a combination of two or more of the polymers discussed above. 

Optionally, the pellets may also be coated by a hioadhesive polymeric composition. 
The adhesive material may facilitate the adhesion of the pellets to a desired surface, such as a 
preferred GI tract surface. For example, the pellets / beads may be coated by a top-layer of a 
hioadhesive polymer such as SRHEROMER™ I [p(FASA)], SFHEROMER™ II, 
SPHEROMER™ M, SPHEROMER™ IV, or mixtures thereof. 

In certain embodiments, the functions of a CR coating and hioadhesi ve coating can be 
combined in a single layer by using a mixture of polymers mcludmg a hioadhesive polymer 
and a polymer suitable for controlled release, ie. } a single layer may be both the CR layer and 
the hioadhesive layer of a particle. 

Optionally, the pellets can also be film-coated with an additional layer of a so-called 
"nonfunctional polymer;' such as OPADRY™ II, EUDRAGIT™ E, AorylEZE™, 
aydroxypropylraeikyl cellulose, hydmxypropyl cellulose, polyvinyl alcohol, 
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polyvuiylacetate, polyaahydrfde, etc. This layer may serve as a djspersion-piomottng coating 
that inhibits clumping and aggregation of the particles during dispersion. In embodiments 
wherein the pellets are further compressed with excipiente to form tablets, this layer is 
preferably sufficiently strong or resilient to remain substantially intact during the 
compression process. This layer may also be protected by including a cushioning material 
among the exeipients of the tablet matrix. 

The coating material (such as bioadhedve polymers and/or functional / noofunotonal 
polymers) may be dissolved in an appropriate solvent, such as methylene chloride (e.g., for 
SPHEROMER™ I), methanol (e.g., for SPHEROMER™ IE), a binaiy mixture of methanol 
and methylene chloride (eg,, for SPHEROMER™ I and SPHEROMER™ 111), methanol or a 
binaiy mixture of ethanol and water (3:1 v/v) (e.g„ for SPHEROMER™ IV), or methanol, 
ethanoL or isopropanol, or their binaiy mixture with acetone (e.g., functional or non- 
ftmctional polymer). 

The film coating may be performed in a fluidized bed coater, such as a Vector 
MFL.01 Micro Batch Fluid Bed System, equipped with a Warster insert, operating at an Met 
air flow rate of 100-300 ipra (liters per minute), and an inlet air temperature of about 25-45 
°C S or about 50-40 °Q depending on the specific drugs and coatings {«?.£.> 25-30 °C for 
SPHEROMER™ I-coated pramipexole; about 35 °C for SPHER OMER™ IE-coated 
pramipexole, etc.). If the Vector System is used, the pellets may be rue-warmed at 35 °C for 
2-5 mkj and after film-coating, post-dried at about 30 °C for about i 5-30 mm. 

Alternatively, pellets may be coated in a fluid bed processor, such as a Fluid Air 
Model 5 fluid bed processor equipped with a Wurster insert, operating at an inlet air flow Kite 
of about 70 cfra (cubic foot per minute) and an inlet air temperature of about 35 "C. For this 
type of fluid bed processor, the pellets may be pie-warmed at 40 *C for 5-7 min., and after 
film-coating, post-dried at about 35 °C for about 30 min. 

Other types of coatei s may also be used to achieve substantially the same result. 

Different lots of the same pellets produced using the subject method may optionally 
be mixed, eg,, by using a blender (such as a GlobePharma Maxiblend Blender equipped with 
an 8~qt stainless steel V-shell). 

In certain embodiments, different types of pellets may he mixed. For example, some 
pellets may have no coating other than a core comprising the effective ingredients. Other 
pellets, such as those identically made, may have additionally been coated by one or more 
types of coatings, e.g., hioadhesive coating, delayed-release coating, conteolled-release 
coating, and/or dispersion-promoting coating, etc. 



-40- 



WO 2007/002518 PCT/t)S2fH>6/024f)65 

In certain embodiments, pellets produced using the methods of the invention may be 
encapsulated in capsules, such as hard gelatin capsules or pmlulan capsules (NPcaps™), each 
with a predetermined amount of etlsetive ingredients. 

In certain embodiments, pellets produced using the methods of the invention may be 
dispersed in a matrix materia! to assist fee delivery of the effective ingredients of the pellets. 
There are at least two preferred configurations according to this embodiment of the invention. 

Figure 13 shows a schematic drawing (not to scale) of one such configuration. In 
Figure 19, the active components 1301 (such as the pellets produced using fee subject 
method, which are not necessarily round in shape) are embedded / dispersed within an 
inactive material or carrier matrix 1302. The carrier matrix 1302 can rapidly disintegrate, e.g., 
dissolve substantially completely (superdisintegranfc) within about 1 5 minutes, 1 0 minutes, § 
minutes, 7 minutes, 6 minutes, 5 minutes, 3 minutes, 2 minutes, or about 1 minute or less, 

The inactive material 1302 may additionally comprise one or more cushioning 
material(s) dispersed throughout, e.g., sufficient to protect the active components 1301 when 
preparing the delivery device, by substantially absorbing the impact of compacting, and/or 
reducing friction on the surface of the particles 1301 (to prevent damaging the substructure of 
the particles, see below). 

The particles 1301 may be in any suitable size and shape (rods, beads, or other regular 
or irregular shapes). In certain embodiments, the particles are beads with a diameter of less 
than about 2 mm, about 1.5 nun, about 1 mm, about 0.8 mm, about 0.5 mm, about 0.3 mm, or 
about 0.1 mm. In certain embodiments, for pellets with pramipexole as effective ingredient, 
the pellet she is about 0.S - 1 mm. Particles are formulated to these sizes in order to enable 
high drug loading when needed. 

As described above, particles 1301 may have substructures, such as various coating 
layers surrounding a drag / prodrug core. Although the following describes the substructures 
using a bead with pramipexole as effective ingredient, it is an illustrative example only, and 
the description also applies to other shapes of particles with other effecti ve ingredients. 

The core by itself may be an immediate release portion, or may have release- 
controlling components (e.g. , CR portion), and preferably, the core is made by extrusion, 
such as the gmnnlaiion-axtrusion-spheronization process. The core is optionally surrounded 
by a CR coating, such as polymeric substance based on acrylates and/or methacrylates, e.g. , a 
EUDRAGIT™ polymer (sold by Rohm America, Inc.). Specific EUDRAGIT™ polymers 
can be selected having various permeability and water solubility, which properties can be pH 
dependent or pH independent. For example, EUDRAGIT™ RL, EUDRAGIT™ ME, and 
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EUDRAGIT™ RS are acrylic resins comprising copolymers of acrylic and methacrylle acid 
esters with, a low content of quaternary armsoniurn groups* which are present as salts and 
give rise to the permeability of the lacquer films. EUDRAGIT™ RL is freely permeable and 
EUDRAGIT™ RS is slightly permeable, independent ofptt fa contrast, the permeability of 
EUDRAGIT™ L is pH dependent. EUDRAGIT™ Lis an anionic polymer synthesized from 
methacrylie acid and meftacrylic acid methyl ester. It is insoluble in acids and pore water, 
but becomes increasingly soluble in a neutral to weakly alkaline solution by foradng salts 
with alkalis. Above pH 5.0, the polymer becomes increasingly permeable. If desired, two or 
more types of polymeric substances may be mixed for use as the CR coating. Other polymers 
suitable for CR coatings, such as ethyl cellulose and cellulose acetate, can be used in the CR 
coating. The CR coating may comprise one or more suitable polymers, such as a combination 
of two or more of the polymers discussed above. 

Optionally, the CR coating is itself coated by a layer of adhesive material that 
facilitates the adhesion of the particles / beads to a desired surface, such as a preferred GI 
tract surface. Various suitable adhesive materials are described herein above. For example, 
the pellets / beads may be coated by a top-layer of a bioadhesive polymer such as 
SPHEROMER™ I [p(.FASA)j, SPHEROMER™ IlL SPHEROMER™ IV, or mixtures 
thereof. In certain embodiments, the functions of a CR coaling and bioadhesive coating can 
be combined in a single layer by using a mixture of polymers including a bioadhesive 
polymer and a polymer suitable for controlled release, i&> a single layer may be both the CR 
layer and the bioadhesive layer of a particle. 

Optionally, pellets can be farther film-coated with an additional layer of a so-called 
"non-functional polymer" such as OPADRY™ II, EUDRAGIT™ E, Aeryloeze™ 
hydroxvpropylmethyj cellulose, hydroxypropyl cellulose, polyvinyl alcohol, 
polyvinylacetate, poiyanhydride, etc. This layer may serve as a dispersion-promoting coating 
that inhibits clumping and aggregation of the particles during dispersion. In embodiments 
wherein the pellets are further compressed with excipients to form tablets, this layer is 
preferably sufficiently strong or resilient to remain substantially intact during the 
compression process. This layer may also be protected by including a cushioning material 
among the excipients of the tablet matrix. 

Optionally, an IR portion is inclnded in the particle, such as over the dispersion- 
promoting coating, or between the dispersion-promothig coating and the adhesive layer, etc. 
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In an alternative embodiment, particles 1301 are not embedded within the inactive 
material 1302, but are instead disposed loose in a capsule that dissolves and releases the 
particles in fee GI tract. 

Figure 14 features yet another embodiment of the deliver;/ device, in which particles 
described herein above (e.g., with respect to Figure 19) are embedded within a stow eroding 
material MM (e.g. , that gradually erodes over 30 minutes, 45 minutes, 1 tor, 2 tors, 4 hrs, 6 
toes, or longer). At least a portion of the eroding material 1401 is covered by an IR portion 
1402, which disintegrates relati vely rapidly to expose a surface of eroding materia! 1401. A 
portion of the slow eroding material 1401 is also optionally covered by a passive polymer 
support layer and/or an adhesive material 1403 as described herein above. In certain 
embodiments, the IR portion 1402 may be disposed on the adhesive layer 1403 instead of the 
eroding material 1401 as depicted. 

According to a related aspect of the invention, any drug to be delivered (e.g. , 
pramipexole), optionally including a bioadhesive polymer composition, and/or 
plmrmaceuiically acceptable excipients, may also be formulated as a multilayer tablet. 

Specifically., different ingredients {such as those described above) are weighed and 
mixed. These ingredients, possibly with tire exception of any lubricants, can then be Mended 
together in any suitable device, such as an end-over-end ATR rotator (&g., model RKVS), or 
a planetary type mixer (e.g., Hobart Mixer). Optionally, the blending process is done in small 
volume to reduce any possible loss of the ingredients due to their non-specific adherence to 
the blending device. The blending step is typically done to ensure the formation of a uniform 
dry mix of the ingredients, typically over a period of. e.g., 5-15 min. 

The dry mix is then granulated, e.g., under low shear with a granulation fluid, so as to 
form a wet granulatioii. Granulation fluids may be purified water, an aqueous solution of a 
mineral or organic acid, an aqueous solution of a polymeric composition, a pharmaceutically 
acceptable alcohol, a ketone or a chlorinated solvent, a hydro •alcoholic mixture, an alcoholic 
or hydro-alcoholic solution of a polymeric composition, a solution of a polymeric 
composition in a chlorinated solvent or in a ketone, etc. 

In certain embodiments, the granulation process is conducted in a small volume, such 
as in a 500-mL cylindrical vessel. 

In certain embodiments, the granulation process is conducted with manual mixing, or 
conducted mechanically, e.g. , in a planetary type mixer (such as a Hobart Mixer with a 5-qt 
mixing bowl). If the Hobart Mixer is used, it can be operated at its speed setting #1, 
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depending on the batch size, Other types of mechanical mixers may also be use d, with their 
respective appropriate settings, to achieve substantially the same result 

Once the wet granulation is formed., it is dried. In certain embodiments, the wet 
granulation is dried in an oven (e.g t , a Precision gravity oven, operating at about 50 "C, for 8- 
24 hrs; or similar appropriate conditions for other types of ovens). Alternatively, the 
granulation may be dried in a fluidized bed drier, such as a Vector MFL.G1 Micro Batch 
Fluid Bed System, operating at an inlet air flow rate of 100-300 1pm (liters per minute) and an 
inlet air temperature of about 50 °C. The drying temperature is generally around 50 °C. 
However, depending on different types of drugs / compositions, the temperature may be 35- 
70 y C, or 40-65 °C, or 45-60°C J or 45-55 °C, etc. 

The dried granulation is then grinded, e.g., by using a pestle in a mortar, optionally 
followed by sieving the ground material, e.g. , through an appropriate-sized screen (such, as a 
U.S. Std. mesh # 60 screen), depending on the desired size of the granules. 

At this point, the sieved granulation may be blended with a lubricant. In certain 
embodiments, the blending is conducted using an end-over-end ATR rotator (e.g., model 
RKVS). In certain embodiments, the blending is conducted using a planetary type raker (e.g., 
Hobart Mixer, operating at the speed setting #1 , for 5-1 5 min.). As a result a uniformly 
lubricated dry mix is formed, which is then ready for compression. 

Optionally, before compression, the lubricated dry mix may be passed through a sieve 
or screen. e.g, } a U.S. Std. mesh # 60 screen. 

Different components of the pharmaceutical composition (e.g., the effective 
ingredients, any bloadhesive polymers, or other coatings, etc.) may be prepared as a mixture 
or separately using the subject methods. Once the dry mixes are formed, they can be 
compressed into single layer or multilayer tablets. For example, the lubricated dry mix may 
be pressed into tablets, such as by using a single-station manual tablet press (e.g., 
GlobePharma Manual Tablet Compaction Machine MTCM-J, equipped with adequate die 
and punch set). If the GlobePharma machine is used, tablets may be prepared, e.g.. at a 
pressure ranging from 250 to 4000 pounds per square inch (psi), and a compression time of, 
e.g., 1 to 4 seconds. Other machines may also be used to achieve substantially die same 
result. 

Alternatively, in certain embodiments, tablets may be produced with wet granulation 
of active ingredients followed by direct compression. 

In certain embodiments, multilayer tablets may be produced, with each layer 
comprising a different ingredient In these embodiments, a single-station manual tablet press 
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(e.g., GlobePharma Mama! Tablet Compaction Machine MTCM-I, equipped with adequate 
die and punch set) may be used in several steps to produce the multilayer tablets. For 
example, for a bilayer tablet, the compression process may include; 

(1) adding the first layer blend into the die cavity, optionally followed by 
manually tapping it using a stainless steel spatula; 

(2) adding the second layer blend Into the die cavity; 

(3) pte-conipressiiig the two layers together, e.g., at a pressure ranging from 250 
to 500 pounds per square inch (psi) and a compression time of, e.g., 1 to 5 seconds. 

(4) compressing fee pre-conipacted layers together, e.g. , at a pressure ranging 
from 1000 to 4000 pounds per square inch (psi) and a compression time of, e.g. , I to 4 
seconds. 

The process can be repeated or modified if more than two layers of ingredients are to 
be used. 

In certain embodiments, the tablet can be made with a pro-compressed insert with 
effective ingredients. Such pxe-compressed inserts may be produced with direct compression. 
The same press machine may be used for this process. For example, if using the 
GlobePharma Manual Tablet Compaction Machine MTCM-I machine, tablet inserts may be 
prepared, e.g., at a pressure ranging from 500 to 1000 pounds per square inch (psi), and a 
compression time of, e.g. , 1 to 2 seconds. Other machines may aiso be used to achieve 
substantially fee same result. The pie-compressed insert may be used as one of the layers 
(e.g., the second layer) in the tablet, or embedded in the middle of another layer (e.g., fee 
second layer). 

Optionally, the tablets may be coated with one or more coating compositions, such as 
in fee form of successive layers. The coating compositions may include bioadhesive layers, 
delayed release layers, eonirolled-release layers, and/or other functional / non-functional 
polymers etc, (supra). For example, tablets may be film-coated for this purpose, using a pan 
coaler (e.g., O'Hara Labeoat, operating at an inlet air flow rate of about 60 efra (cubic foot 
per minute) and an inlet air temperature of about 35 °C). The tablets may be pre-warmed at 
35 °C for 5-10 mm., and after film coating, may be post-dried at about 30 °C for about 15-30 
rain. Other coalers may also be used to achieve substantially the same result. 

Figure 15 features yet another embodiment of the delivery device, in which particles 
1500 described herein above (e.g., wife respect to Figure 13) are disposed on the surface of a 
bioadhesive film 1561. The film may optionally be dried or cured, e,g,, without: disrupting the 
particle adhesion. The film may then he folded and placed in a capsule 1502 for 
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administration to a patient. If needed the capsule containing fee active containing bioadhesive 
Sim is coated with delayed release coating to allow the film to adhere to the proximal part of 
Ae GI tract. If needed, the film may first be folded or cut to a suitable shape or size. Once 
administered to a patient, the capsule releases the Mm, which then rehydrates (if necessary) 
and adheres to a mucosal surfoce, allowing the particles spreaded and adhered thereto to 
release the active components. 

Additional details of the grarudatioii-extnision-spheronization process are described 
(with examples) in the co-pending U.S. application entitled "IMPROVED DOSAGE FORMS FOR 
MOVEMENT DISORDER TREAmiBNT," filed on Jane 23, 2006 (the teachings of the entire 
referenced application are incorporated herein by reference). 

These various embodiments are only a sample of numerous possible configurations to 
deliver the subject dosage forms. Other variations may be readily envisioned based on the 
principals and teachings of the instant specification. For example, various other drag-elating 
devices are described in U.S. Patent Nos. 4,290,426. 5,256,440, 5,378,475, 5,773,019 and 
6,797,283, the contents of which are incorporated herein by reference. 

In these and other embodiments of the invention, the various bioadhesive coatings 
that can be used are described in detail in the section below. 

Many of the different embodiments described above may be implemented by using 
rechargeable or biodegradable devices. Various slow release polymeric devices have been 
developed and tested in vivo m recent years for the controlled delivery of drugs, A variety of 
biocompatible polymers (including hydvogels), including both biodegradable and non- 
degradahle polymers, can be used to form an implant for the sustained release of a subject 
pharmaceutical composition at a particular target site. The biodegradable polymers undergo 
chemical decomposition to form soluble monomers or soluble polymer units. The 
biodegradatton of polymers usually involves chemically or enzymatieally catalyzed 
hydrolysis. Representative biodegradable polymers comprise a member selected from 
biodegradable poIy(at»ides), polyfamino acids), polyesters), poIy(laetie acid), poly(glycoHc 
acid), poiyCorthoesters). polyf anhydrides), biodegradable poIy{dehydiQpyrans), and 
poiy(dioxinones). The polymers are known to the art in Controlled Release of Drugs, by 
Rosoff, Ch. 2, pp. 53-95 (1989); and in U.S. Pat Nos. 3,81 2,444; 3,962,414; 4,066,747; 
4,070,347; 4,079,038; and 4,093,709. 

In certain embodiments, representative dosage forms include hydxogel matrix 
containing a plurality of tiny pills or other particles. The hydrogel matrix comprises a 
hydrophihc polymer, such as selected from a polysaccharide, agar, agarose, natural gum, 
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alkali alginate including sodium alginate, eaimgeenan, fbcoidan, toroellaran, feminaran, 
hypnea, gum arable, gum ghatti, gum karaya, gum tragaeanfh, locust bean gam, pectin, 
amylopeetm, gelatin and a hydrophilic colloid. The hydrogel matrix comprises a plurality of 
tiny pills or particles (such as 4 to 50), each tiny pill or particle may comprise a different 
portion of the subject ptamipexole compositions (e.g. } IK, XR, BR, DXR, etc.). 
Representative of wall-forming materials include a triglyceryi ester selected from glyceryl 
tcistearate, glyceryl manosteaiate, glyceryl dipalmitate, glyceryl laureate, glyceryl 
didecenoate and glyceryl trideceaoate. Other wall forming materials comprise polyvinyl 
acetate phthalate, meihylcellulose phthalate, and microporons vinyl olefins. Procedures for 
manufacturing tiny pills are disclosed in U.S. Pat. Nos. 4,434,153; 4,721 ,61 3; 4,853,229; 
2,996,431 ; 3,139,383 and 4,752,470, which are incorporated by reference herein. 

In still other embodiments, the invention employs a dosage form comprising a 
polymer that releases a drug by diffusion, flux through pores, or by raptors of a polymer 
matrix. The dosage form matrix can be made by procedures known to me polymer art. An 
example of providing a dosage form comprises blending a pharmaeeutieally acceptable 
carrier, like polyethylene glycol, with a known dose of the subject pharmaceutical 
composition, and adding it to a silastic medical grade elastomer with a cross-linking agent, 
like stannous octano&te, followed by casting in a mold. The step is repeated for each 
successive layer. The system is allowed to set, e.g., for 1 hour, to provide the dosage form. 
Representative polymers suitable for manufacturing the dosage form include olefin and vinyl 
polymers, condensation polymers, carbohydrate polymers, and silicon polymers as 
represented by poiy(eihylerte), polypropylene), poly( vinyl acetate), poly(methyt acrylate), 
poly(isobuiyl methaerylaie), poly(aiginate), poly(amide), and poly(silicone). The polymers 
and manufacturing procedures are known in Polymers, by Coleman et cd. t Vol. 31, pp. 1187- 
1230 (1990% Drug Carrier Systems, by Roerdhike* aL Vol. 9, pp. 57409 (1989); Adv. Drug 
Delivery Rev., by Leong et at. , Vol. 1 , pp. 199-233 (1 987): Handbook of Common Polymers, 
Compiled by Roff^c/,, (1971) published by CRC Press; and U.S. Pat No. 3,992,518. 

V. Combination Therapy 

In a further emb odiment, a composition of the invention is administered in 
combination therapy with one or more additional drags or prodrugs. The term "combination 
therapy" herein means a treatment regimen, wherein the agent provided by the composition of 
the invention and a second agent are administered individually or together, sequentially or 
simultaneously, in such a way as to provide a beneficial effect from co-action of these 
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therapeutic agents. Such beaefieial effect can include, but is not limited to, pharmacokinetic 
or phatmacodyuamtc co-action of fee therapeutic agents. Combination, therapy can, for 
example, enable administration of a lower dose of one or both agents than would normally be 
administered daring monotherapy, thus decreasing risk or incidence of adverse effec ts 
associated with higher doses. Alternatively, combination therapy can result in increased 
therapeutic effect at the normal dose of each agent in monotherapy. 

Compositions of the invention can be especially suited to combination therapies, 
particularly where the second agent is one that is, or can be, administered once daily. There 
are significant advantages in patient convenience and compliance where both components of 
a combination therapy can be administered at the same time and with the same frequency. 
Tins is especially true in the case of geriatric patients or those suffering memory impairment. 

When administered simultaneously, the two components of the combination therapy 
can be administered in separate dosage forms or in coforamlation, i.e., in a single dosage 
form, When administered sequentially or in separate dosage forms, the second agent can be 
administered by any suitable route and in any phannaceutieally acceptable dosage form, for 
example by a route and/or in a dosage form other than the present composition. ffi a preferred 
embodiment, both components of the combination therapy are formulated together in a single 
dosage form. 

The second components of the subject combination therapy, e.g,, drags useful for the 
treatment Parkinson's disease and other movement, disorders, include L-dopa, selegiline, 
apomorpbine and anticholinergics. L-dopa (levo-dihydroxy-phenylalanme) is a dopamine 
precursor which can cross the blood-brain barrier and be converted to dopamine in the brain. 
tMbrtunately, L-dopa has a short half life in the body and it is typical after long use (ie, f 
after about 4-5 years) for 1 the- effect of L-dopa to become sporadic and unpredictable,, 
resulting in fluctuations in motor function, dyskinesias and psychiatric side effects, 
Additionally, L-dopa can cause B vitamin deficiencies to arise. The gastrointestinal 
absorption of orally ad ministered levodopa depends on the gastrointestinal transit rates as 
absorption occurs primarily in the proximal third of the intestine (duodenum/jejunum) and 
not in the stomach (Rivera-Calimlhn etal. Europ. X Clin, invest. 1, 1313-1320, 1971). 
Therefore a delayed release dosage form containing levodopa/caxbidopa or 
levodopa/caxbidopa-'entacapone with pfamipexole will allow the levodopa to be released in 
the target proximal intestine region and release levodopa is a sustained manner similar to 
enteral infusion of levodopa. 
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Selegiline (Deprenyi Bldepryl) lias been used as an alternative to L-dopa, and acts by 
reducing the breakdown of dopamine in the brain. Unfortunately, selegiline becomes 
ineffective after about nine months of use. Apomorphine, a dopamine receptor agonist, has 
been used to treat Parkinson's disease, although is causes severe vomiting when used on its 
own, as well as skin reactions, infection, drowsiness and some psychiatric side effects. 

Systemicaiiy administered anticholinergic drags (such as benzhexol and 
orphenedrine) have also been used to treat Parkinson's disease and act by reducing the 
amount of acetylcholine produced in the brain and thereby redress the 
dopamine/acetylcholine imbalance present in Parkinson's disease. Unfortunately, about 70% 
of patients taking systemicaiiy administered anticholinergics develop serious 
neuropsyciuarric side effects, including hallucinations, as well as dyskinetic movements, and 
other effects resulting from wide anticholinergic distribution, including vision effects, 
difficulty swallowing, dry mouth, and urine retention. See e.g. Playfer, Parkinson's Disease, 
Postgrad Med J 73: 257-264, 1997 and Nadeau, Parkinson's Disease, J Am Get Soc 45: 233- 
240, 1997. 

Newer drug refinements and developments include direct-acting dopamine agonists, 
slow-release L-dopa formulations, inhibitors of the dopamine degrading enzymes catechol-O- 
memyitransferase (COMT) and monoamine oxidase B (MAO-B), and dopamine transport 
blockers. These treatments enhance central dopaminergic neurotransmission during the early 
stages of Parkinson's disease, ameliorate symptoms associated with Parkinson's disease, and 
temporarily improve the quality of life. However, despite improvements in the use of L-dopa 
for treating Parkinson's disease, the benefits accorded by these dopaminergic therapies are 
temporary, and their efficacy declines with disease progression. In addition, these treatments 
are accompanied by severe adverse motor and mental effects, most notably dyskinesias at 
peak dose and "on-off fluctuations in drug effectiveness (Poewe and Granata, uiMovement 
Disorders. Neurological Principles and Practice (Watts and Koller, eds) McGraw-Hill, New 
York, 1997; and Marsden and Parkes, Lancet 1: 345-349, 1977). No drug treatments are 
currently available that lessen the progressive pace of nigrostriatal degeneration, postpone the 
onset of illness, or that substantively slow disability (Shoulson, supra). 

Other methods for the treatment of Parkinson's disease involve neurosurgical 
intervention, such as thalamotomy, pallidotomy, and deep brain stimulation. The thalamic 
outputs of the basal ganglia are an effective lesion target for the control of tremor (i. e. , 
thalamotomy). Thalamotomy destroys part of the thalamus, a brain region involved in 
movement control. Unilateral stereotactic thalamotomy has proven to be effective for 
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controlling contralateral tremor and rigidity, but carries a risk of hemiparesis. Bilateral 
thalamotomy carries an increased risk of speech and swallowing disorders resulting. 

Stereotactic pallidotomy, surgical ablation of part of the globus pallidas (a basal 
ganglia), has also bo used with some success. Pallidotomy is performed by inserting a wire 
probe into the globus pallidas and heating the probe to destroy nearby tissue. Pallidotomy is 
most -useful for the treatment of peak-dose diskmesias and for dystonia that occurs at the end 
of a dose. 

Aside from surgical resection, deep brain stimulation, high frequency stimulating 
electrodes placed in the ventral intermedialis nucleus, has been found to suppress abnormal 
movements in some cases. A variety of techniques exist to permit precise location of a probe, 
including computed tomography and magnetic resonance imaging. Unfortunately, the 
akinesia, speech and gait disorder symptoms of Parkinson's disease are little helped by these 
surgical procedures, all of which result in destructive brain lesions. Despite the development 
of modem imaging and surgical techniques to improve the effectiveness of these 
neurosurgical interventions for the treatment of Parkinson's disease tremor symptoms, the use 
of neurosurgical therapies is not widely applicable. For example, thalamotomy does not 
alleviate the akinetic symptoms which are the major functional disability for many people 
suffering from Parkinson's disease (Marsdene/a/. } ^, Neurol 74: 143-147, 199?). 

Therapeutic methods aimed at controlling suspected causative factors associated with 
Parkinson's disease {e.g., therapies which control oxidative stress and excitotoxicity) have 
also been developed. Clinical trials have shown that administration of antioxid^tive agents 
vitamin E and deprenyi provided little or no neuroprotective function (Shoulson et al , Ann. 
Neurol, 43: 318-325, 1998). Glutamate-receptor blockers and neuronal nitric oxide synthase 
(NOS) inhibitors have been proposed as therapies for Parkinson's disease; however, no 
experimental results from human studies have yet been published (Rodriguez, Ami. Neurol. 
44: S.175-S188, 1998). 

The use of neurotrophic factors to stimulate neuronal repair, survival, and growth in 
Parkinson's disease has also been studied, particularly the use of glial cell line-derived 
neurotrophic factor (GDNF). Although GDNF protein protects some dopamine neurons from 
death, it is difficult to supply GDNF protein to the brain. Furthermore, the use of such protein 
therapies in general is problematic, since protein molecules show rapid in vivo degradation, 
are unable to penetrate the blood-brain barrier, and must be directly injected into the 
ventricles of the patient's brain (Patfl etal., Sac. Neitrosci Abstr, 24: 41, 1998; Hagg, Exp. 
Neurol 149: 183-192, 1 998; and Durmett and Btjotklund, supra). Other neurotrophic factors 
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which may have therapeutic value have been proposed based on in vitro and animal model 
systems, including aeortorin, basic fibroblast growth factor (bFGF), brain-derived 
neurotrophic factor (BDNF), neurotropMns 3 and 4/5, ciliary neurotrophic factor and 
transforming growth factor 0 (TGF-S). However, the effectiveness of these therapies in 
humans remains unknown. At present, no single chemical compound or peptide has been 
reported to completely protect dopamine neurons from death by tropic factor withdrawal or 
neurotoxin exposure. 

Cell replacement therapies have also received much attention as potential methods for 
treating Parkinson's disease (Freed et oL, Arch. Neural 47: 505-512, 1990; Freed et a/., N. 
Engl J. Med, 327: 15494555, 1992; Lindvall # aL t Science 247: 574-577, 1990; Spencer *f 
al, N. Engl. J. Med, 327: 1541-1548, 1992; Widner et al ; N. Engl J. Med. 327: J 556-1563, 
1992; Lindvall, NeuroReport 8; iii-x. 1997; Olanow etaL,Adv. Neurol 74: 249-269, 1997; 
and Lindvall. Nature Bioiechn. 17: 635-636, 1999). These neural grafting therapies use 
dopamine supplied from cells implanted into the striatum as a substitute for nigrostriatal 
dopaminergic neurons that have been lost due to nenrodegeneraiion. Although animal models 
and preliminary human clinical studies have shown that cell replacement therapies may be 
useful in the treatment of Parkinson's disease, the failure of the transplanted neurosis to 
survive in the striatum is a major impediment in the development of cell replacement 
therapies. 

Various sources of dopaminergic neurons for use in the transplantation process have 
been tried in animal experiments, including the use of mesencephalic dopamine neurons 
obtained from human embryo cadavers, immature neuronal precursor cells (i.e., neuronal 
stem cells), dopamine secreting non-nearonal cells, terminally differentiated teratocarcinoma- 
derived neuronal cell lines (Dunnett and Bjorkland, supra), genetically modified cells 
(Raymort et at. , Exp. Neurol. 144: 82-91, 1997; and Kang, Mov. Dis. 13: 59-72, 1998), cells 
from cloned embryos (Zawada eta!., Nature Medicine 4: 569-573. 1998) and xenogenic cells 
(Bjorklund et al, Nature 298: 652-654, 1982; Huffaker et aL Exp. Brain Res. 77: 329-336, 
1989; G$&pemetal.,Exp. Neurol 140: 143, 1996; Deacon et a! , Nature Med. 3: 350-353, 
1997: and Zawada et al, Nature Med. 4: 569-573, 1998). Nonetheless, in current grafting 
protocols, no more than 5-20% of the transplanted dopamine neurons survive. 

Additional therapies are also available, such as physical therapy, occupational 
therapy, or speech / language therapy. Exercise, diet, nutrition, patient/caregiver education, 
and psychosocial interventions have also been shown to have a positive effect on the mental 
aad/or physical state of a person suffering team Parkinson's disease. 

. 51 , 
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Various methods of evaluating Parkinson's disease in a patient include Hoehn aad 
Yahr Staging of Parkinson's Disease, Unified Parkinson Disease Rating Scale (UPDRS), and 
Schwab and England Activities of Daily Living Scale. 

A person suffering from Parkinson's disease should avoid contraindieaied and 
potentially contraindicated drugs such as antipsychotic drugs, Haloperidol (Haldol), 
Perphenazine (Trikfon), Chforpromazine (Thorazine), Tritiuoperasdne (Stelazme), 
Flofenazine (Prolixin, PermitO) Thiothixene (Navaoe), Thioridazine (Mellaril); 
antidepressant drag, combination of Perphenazine and Amitriptyline (Triavil); anti-vomi ting 
drags, Prochlorperazine (Compazine), Metoelopramide (Reglan, Maxeran), Thieihylperazine 
(Tarecan), Reserpiue (Seipasil), Teirabenazine (Nitoman); blood pressure drug, Alpha- 
methyldopa {Aldomct); anti-seizure drug, Phenytoin (Dilantin); mood stabilizing drug, 
lithium; and anti-anxiety drag. Buspirone (Buspar). 

In certain embodiments, the method includes administering, conjointly with the 
subject pharmaceutical composition, one or more of other therapeutic compositions useful for 
the treatment of diseases, for which pramipexole is indicated for. For example, in the case of 
treating Parkinson's Disease and certain movement disorders, pramipexole may he co- 
administered with a dopamine precursor, a dopaminergic agent, a dopaminergic and anti- 
cholinergic agent, an aoti-chdh'nergie agent, a dopamine agonist, a MAOS (monoamine 
oxidase B) inhibitor, a COMT (catechol O-memyitransferase) inhibitor, a muscle relaxant, a 
sedative, an anticonvulsant agent, a dopamine reuptake hihibitor, a dopamine blocker, a 
blocker, & carbonic anhydrase inhibitor, a narcotic agent, a GABAergic agent, or an alpha 
antagonist 

In certain embodiments, the subject packages, preparations, phannaceutical 
compositions, and methods for the treatment of movement disorders further comprise one or 
more therapeutic agents for treating Parkinson's disease selected from a dopamine precursor, 
such as L-dopa; a dopaminergic agent, such as Levodopa-carbidopa (SINEMET®, SMBMET 
CR*) or Levodopa-benserazide (PROLOPA®, MADOPAR* MADOPAR HBS*h a 
dopaminergic and anticholinergic agent, such as amantadine (SYMMETRY!/, 
SYMADJNE'®}; an anti-cholinergic agent, such as trihexyphenidyl (ARTANB®), benzhopine 
(COGENTIN®), ettioproprazine (PARSITAN®), orprocyelidine (KEMADRIN®); a 
dopamine agonist, such as apomorphine, bromocriptine (PARLODEL®), cabergoline 
(DOSTINEX*), ilsuride (DOPERGtNE®), pergoh'de (PBRMAX®), or ropinirole (REQUIP*); 
a MAO-B (monoamine oxidase B) inhibitor, such as selegiline or deprenyl (ATAPRYL* 
CARBEX* ELEHBPRYL®); a COMT (catechol O-methyluansferase) inlubite, such as CGP- 
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28014, tolcapone (TASMAR®) or entacapone (COMTAN®); or other therapeutic agents, such 
as baclofen (UORESAL®), doinperidone (MOTILIUM®), fludrocortisone (FLORINEF®), 
midodrine (AMATINE®), oxybutynin (DITROPAN*), propranolol (INDERAL*, INDERAL- 
.LA®}, clonazepam (RWOTRIL®), or yohimbine. 

QS20030045539 (incorporated herein by reference) discloses a combination treatment 
of cabergoline and praniipexole provided concurrently to a patient suffering from, various 
central nervous system diseases, and in particular for the treatment of Parkinson's Disease 
(PD). The initial dose of cabergoline is administered to die patient at a dose of 0.5 to 1 
mg/patient/day and is adjusted upward at weekly intervals to a therapeutic dosage of 2, 4, 6, 8 
or 3 0 mg/patient/day and where the initial dose of praniipexole is started at 0.375 
mg/patient/day and is adjusted upward every 5 to 7 days to a therapeutic dosage of 3, 4, 5, 6, 
or 7 mg/patient/day. At least one portion of the subject pharmaceutical composition may 
additional comprises cabergoline and pramipexole for treating Parkinson's disease. 

US20040I66159 (incorporated herein by reference) discloses a pharmaceutical 
dosage forms having immediate and controlled release properties thai contain an aromatic 
amino acid decarboxylase (AAAD) inhibitor (such as carbidopa), fevodopa, and optionally a 
catechol-O-methyltransferase (COMT) inhibitor, for the treatment of medical conditions 
associated with reduced dopamine levels in a patient's brain. The dosage form may comprise 
up to about 1 000 sng, or about 20-500 mg, about 50-500 mg s or about 100-200 rag of COMT 
inhibitor. The COMT inhibitor may be contained only within fee immediate release 
component, or only within the sustained release component, or both. The COMT inhibitor 
may be CGP-28014, entacapone, or tolcapone. The dosage form may further comprise one or 
more drugs such as anticholinergics, beta 2-agonisis, cyclooxygenase-2 (COX-2) inhibitors, 
dopamine receptor agonists, monoamine oxidase (MAO) inhibitors, opiate delta receptor 
agonists, opiate delta receptor antagonists, and N-methy!~D-aspartate (NMDA) antagonists. 
The dosage form may further comprise one or more drags selected from albuterol, alpha- 
lipoic acid, amantadine, andmpinirole, apomoiphine, baclofen, biperiden, benztropine, 
bromocriptine, budipine, cabergoline, clozapine, deprenyl, dextromethorphan, 
dihydroergokryptme, dihydroHpoic acid, eliprodil, eptastigmine. ergoline ! formoterol, 
galanthamme, lazabsmide, lysaride, mazindol, memantine, mofegilrne, orphenadrine, 
pergolide, plrbuterol, propentofylline, procyclidine, rasagiline, remacemide, rilnaole, 
rimantadine, ropinirole, salmeterol, selegiline, spheramine, terguride, and ■trihexyphenidyl. 

Similarly, other movement disorders may also be treated with similar methods and 
suitable pharmaceutical compositions, such as the ones described below. 
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For example, ia certain embodiments of ike packages, preparations, compositions, and 
methods for the treatment of a movement disorder, the invention further comprises one or 
more thempeatic agents for treating dystonia selected fibom an anticholinergic agent, snch as 
trihexyphenidyl (ARTANE®), benztropine (COGENTJlN®), ethaproprazine (PARSLT AN®}, 
or ptoeyclidme (KEMADRIN®); a dopaminergic agent, snch as Levodopa-osrbJdopa 
(SINEMET®, SINEMET CR®) or Levodopa-benserazide (PROLOPA®, MADOPAR® 
MADOPAR EBS% a muscle relaxant, such as baclofen (LIORESAL®); a sedative, such as 
Clonazepam (RfVOTRO' ®); an anticonvulsant agent, snch as carbaniazepine {TEGRETOL®}; 
a dopamine reuptake inhibitor, such as tehabenaztne (NITOMAN®); or a dopamine blocker, 
such as haloperidol (HALDOL®). 

In c ertain embodiments of the packages, preparations, compositions, and methods for 
the treatment of a movement disorder, die invention further comprises one or more 
therapeutic agents for treating tremor selected from a ^-blocker, such as propranolol 
(INDERAL®, fNDERAL-JLA*); an anticonvulsant agent, such as primidone (MYSOL1NE*); 
or a carbonic anhydrase inhibitor, such as aeetalsolamide (DIAMOX®) or methazolarnide 
(NEPTAZANE®), 

Jn certain embodiments of the packages, preparations, compositions, and methods for 
the treatment of a movement disorder, the invention further comprises one or more 
therapeutic agents for treating myoclonus selected from a sedative, such as clonazepam 
(RIVOTRIL®); or an anticonvulsant agent, such as valproic acid (EPIVAL®). 

In certain embodiments of the packages, preparations, compositions, and methods for 
the treatment of a movement disorder, the in vention further comprises one or more 
therapeutic agents for treating chorea selected from a dopamine blocker, such as haloperidol 
(HALDOL*)*, or a dopamine reuptake inhibitor, such as tetrabenazme (NITOMAN®), 

In certain embodiments of the packages, preparations, compositions, and methods for 
the treatment of a movement disorder, the invention farther comprises one or more 
therapeutic agents for treating restless leg syndrome selected from a dopaminergic, such as 
Levodopa-caibidopa (SINEMET®, SINEMET CR®} or Levodopa-benserazide (PROLOPA* 
MADOPAR*, MADOPAR BBS®); a sedative, such as clonazepam (RTVOTRIL®); a 
dopamine agonists, siieh as bromocriptine (PARLODEL*), pergotide (PERMAX®), or 
ropinirole (REQUIP*).; a narcotic agent, such as codeine (TYLENOL # 3 H ); or a GABAergk 
agent, such as gabapentin (NEUROKI1N®). 

In certain embodiments of the subject packages, preparations, compositions, and 
methods for the treatment of movement disorders, the invention further comprises one or 
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more therapeutic agents for treating tics selected from a sedative, such as clonazepam 
(RIVOTRIL®); an alpha antagonist, such as clomdme (CATAPRESS*); a dopamine reuptake 
inhibitor, such as tetrabenazine (MTOMAbf); or a dopamine blocker, such as halopcridol 
(HALDOL®) or perphenazine. 

In certain embodiments, fee method includes admimstering, conjointly with the 
pharmaceutical composition, one or more of physical therapy, occupational therapy, or 
speech/language therapy. 

An agent to be administered conjointly with a subject compound may be formulated 
together with a subject compound as a single pharmaceutical preparation, eg., as a pill or 
other medicament including both agents, or may be administered as a separate 
pharmaceutical preparation. 

Another aspect of the invention provides a packaged pharmaceutical composition, 
comprising the subject pharmaceutical composition in an amount sufficient to heat or prevent 
a movement disorder to a patient, which may additionally include a pharmaeeutically 
acceptable carrier, and instructions (written and/or pictorial) describing the use of the 
formulation for treating the patient, wherein the patient suffers from ataxia, corticobasal 
ganglionic degeneration (CBGD), dyskinesia, dystonia, tremors, hereditary spastic 
paraplegia, Huntington's disease, multiple system atrophy, myoclonus, Parkinson's disease, 
progressive supranuclear palsy, restless legs syndrome, Rett syndrome, spasticity, 
Sydenham's chorea, other choreas, athetosis, ballism, stereotypy, tardive dysidnesia/dystonia, 
tics, Tourette's syndrome, olivopontocerebellar atrophy (OPCA), diffuse Lew body disease, 
hemibaltsmus, hemi-facial spasm, restless leg syndrome, Wilson's disease, stiff man 
syndrome, akinetic mutism, psychomotor retardation, painful legs moving toes syndrome, a 
gait disorder, a drug-induced movement disorder, or other movement disorder. 

In certain preferred embodiments!, the movement disorder is Parkinson's disease. 

VI. Exemplary Uses of the Dosage Forms 

In various embodiments, the present invention contemplates modes of treatment 
and/or prophylaxis ifi-g., treating or preventing the development of symptoms in high-risk 
populations), which utilize one or more of the subject dosage forms for decreasing or 
overcoming the defects in a movement disorder patient The improvement and/or restoration 
of mental or physical state in an organism has positive behavioral, social, and psychological 
consequences. 
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For example, Parkinson's disease is the second most common neurodegenerative 
disorder, affecting nearly 1 million people m North America. The disease is characterized by 
symptoms such as muscle rigidity, tremor and brMykmesia. Early studies of Parkinson's 
disease showed unusual inclusions in the cytoplasm of neurons (i.e., Lewy bodies), occurring 
predominantly in the substantia nigra, which innervate the striatal region of the forebram. 
Although Lewy bodies were also found in other neurodegenerative conditions, the presence 
of Lewy bodies in Parkinson's disease is accompanied by cell loss in fee substantia nigra. 
This cell loss is considered to be the defining pathological feature of Parkinson's disease. 

Epidemiological studies have reported geographic variation in Parkinson's disease 
incidence, leading to fee search for environmental factors (Olanow and Tattoo, Ami. Rev. 
Neurosci 22: 123-144, 1998). The recent discovery that I -methyl-4-pfaenyl- 1 ,2,3,6- 
tetrahydiopyridine (MPTP) toxin causes a ParkinsonVHke syndrome indistinguishable from 
the idiopathic disease suggests that Parkinson's disease may be caused by environmental 
factors (eg,, toxins and causative agents). (See e.g., Langston, Ann. Neurol. 44: S45-S52, 
1998). 

Recent research has also identified genes associated with Parkinson's disease (Mxzuno 
etaUSiomed. Pharmacother. 53(3): 109-116, 1 999; Dtranett and Bjorkhmd, Nature 399 
(6738 Suppl): A32-A39, 1999); namely, the cwsyntuslem gene (Polymeropouos et al, Science 
276: 2045-2047, 1997), fee parkin gene (Kitada et al, Nature 392: 605-608, 1 998), and fee 
UCH-L1 thiol protease gene (Leroy et al, Nature 395: 451-452, 1998). Although additional 
chromosomal loci associated with the disease state have been identified, these chromosomal 
loci have not been analyzed at fee molecular level. At present, the biochemical roles played 
by these gene products in both normal ceils and in diseased neurons remain ambiguous, and 
no gene therapy protocols involving their use have been developed. 

Furthermore. Parkinson's disease is associated with fee progressive loss of dopamine 
neurons in fee ventral mesencephalon of fee substantia nigra (Shoulson, Science 282: 1072- 
1074, 1998), winch innervates the major motor-control center of fee forebram, the striatum. 
Although a gradual decline in fee number of neurons and dopamine content of the basal 
ganglia is normally associated with increasing age, progressive dopamine loss is pronounced 
in people suffering from Parkinson's disease, resulting in the appearance of symptoms when 
about 70-80% of striatal dopamine and 50% of nigral dopamine neurons are lost (Dunnett and 
Bjorkhmd, supra). This loss of dopamine-producing neurons resulting in a dopamine 
deficiency is believed to be responsible tor the motor symptoms of Parkinson's disease. 
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Although the cause of dopaminergic sell death remains unknown, it is believed (hat 
dopaminergic eel! death is affected by a combination of necrotic and apoptotic cell death. 
Mechanisms and signals responsible for fee progressive degeneration of nigral dopamine 
neurons in Parkinson's disease have been proposed (Olanow et ah, Ann, Neurol. 44: S1-S196, 
1998), and include oxidative stress (from the generation, of reactive oxygen species), 
mitochondrial dysfunction, excitotoxicity, calcium imbalance, inflammatory changes and 
apoptosis as contributory and interdependent factors in Parkinson's disease neuronal cell 
death. 

Apoptosis (i.e., programmed cell death) plays a fundamental role in the development 
of the nervous system (Oppenheim, Ann. Rev. Neurosci. 14: 453-501, 1991), and accelerated 
apoptosis is believed to underlie many neurodegenerative diseases, including Parkinson's 
disease (Baxinaga, Science 2Zt: 1303-1304, 1998; Mochizuki ei al> J. Neurol. Set 137: 120- 
123. 1996; and Oo et al..Neuroscience 69: 893-901, 1995). In living systems, apoptotic death 
can be initiated by a variety of external stimuli, and the biochemical nanas of the intracellular 
apoptosis effectors is at least partially understood. 

VIZ Controlled Release /Bioadhesive Layer 

According to the instant invention, the subjeet dosage form is administered orally to 
the lower gastrointestinal (GI) tract Thus, it is desirable that the subject drag delivery system 
adhere to the lining of the appropriate viscus, such that its contents can be delivered as a 
function of proximity and duration of contact. 

An orally ingested product can adhere to either the epithelial surface or the mucus 
lining of the GI tract For the delivery of bioaetive substances, it can be advantageous to have 
a polymeric drug delivery device adhere to the epithelium or to the mucous layer. 
Bioadhesioo in the GI tract may proceed in two stages: (1) viseoelastie deformation at the 
point of contact of the synthetic material into the mucus substrate., and (2) formation of bonds 
between the adhesive synthetic material and the mucus or the epithelial cells. In general, 
adhesion of polymers to tissues may be achieved by (i) physical or mechanical bonds, (ii) 
primary or covaient chemical bonds, and/or (iii) secondary chemical bonds (e.g. s ionic), 
Physical or mechanical bonds can result from deposition and inclusion of the adhesive 
material in the crevices of the mucus or the folds of the mucosa. Secondary chemical bonds, 
contributing to bioadhesive properties, consist of dispersive interactions (e.&, van der Waals 
interactions) and stronger specific interactions, which include hydrogen bonds. The 
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hydropMHc functional groups primarily responsible for forming hydrogen bonds are the 
hydroxy] md the carboxylic groups, 

"Bioadhesion" is defined as the ability of a material to adhere to a biological tissue for 
an extended period of time, Bioadhssion is one solution to the problem of inadequate 
residence time resulting from intestinal peristalsis, ami from displacement by ciliary 
movement. For sufficient bioadhesion to occur, an intimate contact must exist between the 
bioadhesive and the receptor tissue, (lie bioadhesive mast penetrate into the crevice of the 
tissue surface and/or mucus, and mechanical, electrostatic, or chemical bonds must form. 
Polycarbopbils and acrylic acid polymers usually have the best adhesive properties, Duchene 
et al,'m Drag Dev. fad. Pharm., 14:283-318, 1988, reviewed the pharmaceutical and medical 
aspects of bioadhesive systems for dntg delivery (incorporated herein by reference). These 
bioadhesive systems may be adapted for use in the instant invention Other bioadhesive 
systems that maybe adapted for use in the instant application are described in WO 93/21906; 
Smart etal,J. Pharm. Pharmacol 36: 295-299, 1984; Gnmey etal, Biomatexials 5: 336- 
340, 1984; Park et al, "Alternative Approaches to Oral Controlled Drag Delivery: 
Bioadhesives and ih-Situ Systems/' in I. M, Anderson and S. W. Kim, Eds,, "Recent 
Advances in Drug Delivery" Plenum Press, New York, 1984, pp. 163-183; Mikes et al, J. 
Colloid Interface Set 1,43: 366-373, 1991; and Lehr et al, J\ Controlled Mel. 13: 51-62, 1990, 
all incorporated herein by reference. 

la certain embodiments, the subject dosage forms having increased lower 
gastrointestinal retention time. For purposes of this invention, intestinal residence time is the 
time required for a dosage form to transit through the intestine to the pyloric sphincter. For 
example, a dosage form of the invention has an intestinal residence time of at least 3 hours, at 
least 4 hours, at least 6 hours, at least 8 hours or at least 12 hours. The dosage forms of the 
invention may have an increased retention time hi the small and/or large intestine, or in the 
area of the gastrointestinal tract that absorbs the drug contained in the dosage form. For 
example, dosage forms of the invention can be retained in tire small intes tine (or one or two 
portions thereof, selected from the duodenum, the jejunum and the ileum) for at least 6 hours, 
at least 8 hours or at least 12 hours, such as from 16 to 1 8 hours. 

Certain polymers for use in the subject invention are described in more details below. 

Polymers 

Suitable bioadhesive polymeric coatings are disclosed in U.S. Patent: Nos, 6,197,346, 
6,217,908 and 6,365, 1 87 (the contents of which am incorporated herein by reference), and 
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include soluble and insoluble, biodegradable a»d nonbiodegradable polymers. These can be 
hydrogels or thermoplastics, homopolyraers, copolymers or blends, and/ornatural or 
synthetic polymers. The preferred polymers are synmetie polymers, wife controlled synthesis 
and degrada tion characteristics. Particularly preferred polymers are anhydride copolymers of 
funmric acid and sebacic acid (P(FA:SA)), which have exceptionally good bioadhesive 
properties when administered to the GI tract Examples of P(FA:SA) copolymers include 
those having a 1:99 to 99:1 ratio of fumade acid to sebacic acid, such as 5:95 to 75:25, for 
example, 10:90 to 60:40 or at least 15:85 to 25:75, Specific examples of such copolymers 
have a 20:80 or a 50:50 ratio of fumaric acid to sebacic acid. 

Polymers used in dosage forms of the invention produce a bio-adhesive interaction 
(fracture strength) of at least 100 N/m z (lOmN/cm 2 ) when applied to the mucosal surface of 
rat intestine. Tire fracture strength of tire dosage forms is advantageously at least 250 N/ra 3 , at 
least 500 N/nf or at least 1000 N/m 2 . For example, the fracture strength of a polymer- 
containing dosage form can be from 100 to 500 N/m 2 . Hie forces described herein refer to 
measurements made upon rat intestinal mucosa, unless otherwise stated. Hie same adhesive 
measurements made on a different species of animal will differ from those obtained using 
rats. This dirrereuee is attributed to both compositional and geometrical variations in the 
mucous layers of different animal species as well as cellular variations in the mucosal 
epithelium, However, the data shows that the same general bends prevail no matter what 
animal is studied (ic< , P(FA:SA) produces stronger adhesions than poly lactic acid (PLA) in 
rats, sheep, pigs, etc.). For example, the fracture strength of dosage forms of the invention on 
rat intestine is generally at least 125 N/m 2 such as at least 150 N/m 2 , at least 250 N/m 2 , at 
least 500 N/m 2 or at least 1000 N/ra 2 , 

The fracture strength of a dosage form can be measured according to the methods 
disclosed by Duehene at at Briefly, the dosage form is attached on one side to a tensile tester 
and is contacted with a testing surface (e.g., a mucosal membrane) on the opposite surface. 
Tire tensile tester measures the force required to displace the dosage form from the testing 
surface. Common tensile testers include a Texture Analyzer and the Instron tensile tester. 

In the preferred method for mueoadhesive testing, dosage forms are pressed using 
flat-faced tooling. 0.3750" (9.525 mm) in diameter. Dosage torn weight will depend on 
composition; in most cases, the dosage forms have a final weight of 200 nag. These dosage 
forms are then glued to a plastic 10 mm diameter probe using a common, fast-drying 
cyanoacrylate adhesive. Once the dosage forms are firmly adhered to fee probe, the probe is 
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attached to the Texture Analyzer. The Texture Analyzer is fitted wife a I kg load cell for 
maximum sensitivity. The following settings are osed: 



Pre-Test Speed 


0,4 mm / sec 


j Stop Plot At 


Final Position 


Test Speed 


0.1 mm / sec 


i Tare Mode 


Auto 


Post-Test Sgesd 


0.1 mm / sec 


| Delay Acquisition 


Off 


Applied Force 


20.0 g 


| Advanced 


On 






| Options 




..B^Min. Distance 


JMwr? 


j Proportional Gain 


"o " 


Contact Time 


420 s 


j Integral Gain 


0 


Trigger Type 


Auto 


Dif ferentiai Gain 


0 


Trigger Force 


0.5 g 


Max. Tracking 


0 mm / sac 




| Speed 


.... J 



The Test and Post-Test Speeds are as low as the instrument will allow, to ensure a 
maximum number of data points captured. The Pie-Test speed is used only until the probe 
encounters the Trigger Force; i.e., prior to contacting the tissue. 

The Proportional Integral, and Differential Gain are set to 0. These settings, when 
optimized, maintain the system at the Applied Force for fee duration of fee Contact Time. 
With soft tissue as a substrate, however, the probe and dosage form are constantly driven into 
the deformable surface. This results in visible damage to the tissue. Thus, the probe and 
dosage form are allowed to relax gradually from the Applied Force by setting these 
parameters to 0, The tracking speed, which is a measure of how rapidly the feedback is 
adjusted, is also set to 0. 

The tissue on which the dosage forms are tested is secured in the Mucoadhesive Rig; 
the rig is then completely immersed in a 600 mL Pyrex beaker containing 375 mh of PBS. 
The tissue is maintained at approximately 37*C for the duration of the test; no stirring is used 
as the machine can detect the oscillations from the stir bar. 

In the past, two classes of polymers have shown useful bioadhesive properties, 
hydrophilic polymers and hydrogels. In the large class of hydrophilic polymers, those 
containing carboxyiic groups (e.g., polyfacrylic. acid]) exhibit the best bioadhesive properties. 
It is thus expected that polymers with the highest concentrations of carboxyiic groups are 
preferred materials for bioadhesion on soft tissues. In other studies, the most promising 
polymers were sodium alginate, carboxyme&ylcellttlose, faydroxymethyleelhtiose and 
methyleeHulose. Some of these materials are water-soluble, while others are hydrogels. 

Rapidly bioerodible polymers such as polypaetide-co-glycoiide], polyanhydrides, and 
poiyorthoesters, whose carboxyiic groups are exposed on fee external surface as their smooth 
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surface erodes, are suitable for bioadhesive drag delivery systems, in addition, polymers 
containing labile bonds, such as polyardj.ydrid.es and polyesters, are well known for their 
hydrolytic reactivity. Their hydrolytic degradation rates can generally be altered by simple 
changes in the polymer backbone. 

Representative natural polymers suitable for fee present invention include proteins 
{e.g., hydrophilic proteins), such as asm, modified zein, casein, gelatin, gluten, serum 
albumin, or collagen, and polysaccharides such as ceSaiose, dextrans. polyhyamrome acid, 
polymers of acrylic and methaerylie esters and alginic acid. These are generally less suitable 
for use in bioadhesive coatings due to higher levels of variability in the characteristics of the 
final products, as well as in degradation following administration. Synthetically modified 
natural polymers include alky! celluloses, hydroxyalkyl celluloses, cellulose ethers, cellulose 
esters, and nitrocelluloses. 

Representative synthetic polymers for use in bioadhesive coatings include 
polyphosphates, polyvinyl alcohols), poiyamides, polycarbonates, polyalkylenes, 
polyacrykmides, polyalkylene glycols, polyalkylene oxides, polyalkylcne terephthalates, 
polyvinyl ethers, polyvinyl esters, polyvinyl halides, polyvinylpyrrolidone, polyglycolides, 
polysiloxanes, polynrethanes and copolymers thereof. Other polymers suitable for use in the 
'invention include, but ate not limited to, methyl cellulose, ethyl cellulose, hydroxypiopyl 
cellulose, hydroxypropyl methyl cellulose, hydroxybutyl methyl cellulose, cellulose acetate, 
cellulose propionate, cellulose acetate butyrate, cellulose acetate phthal&te, carboxymethyl 
cellulose, cellulose triacetate, cellulose sulfate sodium salt, poly(methyi methacrylate), 
poly(ethyl methacrylate), poty(butyl methacrylate), po!y(isobutyi methacrylate), poly(hexyl 
methacrylate), poly(isodecyl methacrylate), poty(laury! methacrylate), polypheny! 
methacrylate), poIy(methyl acrylate), poiyrisopropyl acrylate), poly(isobutyl acrylate), 
poly(octsdecyl acrylate) polyethylene, polypropylene, polyethylene glycol), polyethylene 
oxide), poly (ethylene terephthalate), polyvinyl acetate), polyvinyl chloride, polystyrene, 
polyvinyl pyrrotidone, and polyvinylphenoL Representative bioerodible polymers for use in 
bioadhesive coatings include polylachdes, polyglycolides and copolymers thereof, 
poly(ethylene terephthalate), poly(b«tyric acid). poly(valeric acid), poly(kctide-co- 
eaprolactone), poly[lactide-co~glycolide] } pobyanhydrides (eg., poly(adipic anhydride)), 
polyorthocsters, chitosan, chitin, hyaluronic acid, hyaluronan, Carbopois, Corplex polymers, 
PalyeatbopMls-eysieine (Thiomers), Chitosan-Thioglyeolie acid copolymers, 
poly(methacrylic acid-grafted-eflrylene glycol), poly (methyl vinyl ether-co-malic anhydride), 
cholestyramine (Duolite AP-143), sneralfaie and gliadin blends and copolymers thereof. 
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Polyanhydrides are particularly suitable for use in bioadhesive delivery systems 
because, as hydrolysis proceeds, causing surface erosion, more and more earboxylic groups 
are exposed to the external surface. However, polylactides erode more slowly by balk 
erosion, which is advantageous in applications where it is desirable to retain the bioadhesive 
coating for longer durations. In designing bioadhesive polymeric systems based on 
polylactides, polymers that have high concentrations ofcarfaoxyEc acid are preferred. The 
high concentrations of earboxylic acids can be attained by using low molecular weight 
polymers (MW of 2000 or less), because low molecular weight polymers contain a high 
concentration of earboxylic acids at the end groups. 

The polymers listed above can be obtained from sources such as Sigma Chemical Co., 
St Louis, Mo.. Polysciences, Wairenton, Pa., Aldrich, Milwaukee, Wis., Fluka, 
Ronkonkoma, NX, and BioRad, Richmond, Calif, or can alternatively be synthesized from 
monomers obtained from these suppliers using standard techniques. 

When the bioadhesive polymeric coating is a synthetic polymer coating, the synthetic 
polymer is typically selected from polyamides, polycarbonates, poly&lkylenes, polyalkylene 
glycols, polyalkylene oxides, polyalkylene terephthalates, polyvinyl alcohols, polyvinyl 
ethers, polyvinyl esters, polyvinyl halides, polyvinylpyrrolidone, polyglycolides, 
polysiloxanes, polyurethanes, polystyrene, polymers of acrylic and mefhacrylie esters, 
polylactides, polyfbutyric acid). poly(valeric acid), poly(Jactide-eO"glyeolide), 
polyahhydrides. polyorthoesters, poiy(fumaric acid), polyfmaleic acid), and blends and 
copolymers of thereof. Preferably, the synthetic polymer is poly(fumaric-eo-sebacic) 
anhydride. 

Another group of polymers suitable for use as bioadhesive polymeric coatings are 
polymers having a hydrophobic backbone with at least one hydrophobic group pendant from 
the backbone. Suitable hydrophobic groups are groups that are generally non-polar. Examples 
of such hydrophobic groups include alkyl, alkenyl and aikynyl groups. Preferably, the 
hydrophobic groups are selected to not interfere and instead to enhance the bioadbesiveness 
of the polymers, 

A further group of polymers sui table for use as bioadhesive polymeric coatings are 
polymers having a hydrophobic backbone with at least one hydrophilic group pendant from 
the backbone. Suitable hydrophilic groups are groups that are capable of hydrogen bonding to 
another functional group. Example of such hydrophilic groups include negatively charged 
groups such as earboxylic acids, sulfonic acids and phosponic acids, positively charged 
groups such as (profonated) amines and neutral, polar groups such as amides and imines. 
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Preferably, the hydrophilic groups are selected to not interfere and instead to enhance the 
bioadhesiveness of die polymers. The hydrophilic groups can be either directly attached to a 
hydrophobic polymer backbone or attached through a spacer group. Typically, a spacer group 
is an aliylene group, particularly a C r Cs alky! group such as a C 2 -G> alky] group. Preferred 
compounds containing one or more hydrophilic groups include amino acids (e.g. , 
phenyalanine, tyrosine and derivatives thereof) and amme-contairung carbohydrates (sugars) 
such as glucosamine. 

Polymers can be modified by increasing the number of carboxylie groups accessible 
during biodegradation, or on the polymer surface. The polymers can also be modified by 
binding amino groups to the polymer. The polymers can be modified using any of a number 
of different coupling chemistries available in the art to covalently attach ligand molecules 
with bioadhesive properties to fee surface-exposed molecules of the polymeric microspheres. 

The attachment of any positively charged ligand, such as polyefhyleneimine or 
polylysine, to a polymer may improve bioadhesion due to the electrostatic attraction of the 
cationic groups coating the beads to the net negative charge of the rnuens. The 
mucopolysaccharides and mueoprotems of the mucin layer, especially the sialic acid residues, 
are responsible for the negative charge coaling. Any figand with a high binding affinity for 
mucin could also be covalently linked to most polymers with the appropriate chemistry, such 
as with earbodiirnidaisole (CDI), and be expected to influence the binding to the gut. For 
example, polyclonal antibodies raised against components of mucin or else intact mucin, 
when covalently coupled to a polymer, would provide for increased bioadhesion. Similarly, 
antibodies directed against specific cell surface receptors exposed on the lumenat surface of 
the intestinal tract would increase the residence time when coupled to polymers using the 
appropriate chemistry. The ligand affinity need not be based only on electrostatic charge, but 
other useful physical parameters such as solubility in mucin or specific affinity to 
carbohydrate groups. 

The covalent attachment of airy of the natural components of mucin in either pin e or 
partially purified form to the polymers would increase the solubility of the polymer in the 
mucin layer. The list of useful Jigands would include but not be limited to the following: 
sialic acid, neuraminic acid, n-aeetyl-neuraminie acid, n-glycolylneuramimc acid, 4-aeetyl-n- 
aeetylneuraminic acid, diacetyl-n-acetylneuramfnic acid, glucuronic acid, iduronic acid, 
galactose, glucose, mannose, fucose, any of the partially purified fractions prepared by 
chemical treatment of naturally occiuring mucin, e>g. t mueoprotems, mucopolysaccharides 
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and mucopolysaccharide- protein complexes, and antibodies immunoreactive against proteins 
or sugar structure on the mucosal surface. 

The attachment of poryarmno acids containing extra pendant carboxylic acid side 
groups, such as poiyaspartie acid and poh/glutamic acid, may also increase bioadhesiveness. 
The polyamino chains would increase bioadhesion by means of chain entanglement in mucin 
strands as well as by increased carboxylic charge. 

As disclosed m U.S. Patent Nos. 5,985,312, 6,123,965 and 6,368,586, the contents of 
which are Incorporated herein by reference, polymers, such as those named above, having a 
metal compound incorporated therein have a further improved ability to adhere to tissue 
surfaces, such as mucosal membranes. The metal compound incorporated into the polymer 
can be, for example, a water-insoluble metal oxide. The incorporation of metal compounds 
into a wide range of different polymers, even those that are not normally bioadhesive, 
improves their ability to adhere to tissue surfaces such as mucosal membranes. 

Metal compounds which can be incorporated into polymers to improve their 
bioadhesive properties preferably are water-insoluble metal compounds, such as water- 
insoluble metal oxides and metal hydroxides, which are capable of becoming incorporated 
into and associated with a polymer to thereby improve the bioadhesiveness of the polymer. 
As defined herein, a water-insoluble metal compound is defined as a metal compound with 
little or no solubility in water, for example, less than about 0.0 to 0.9 mg/nil. 

The water-insoluble metal compounds can be derived from a wide variety of me tals, 
including', but not limited to, .calcium, iron, copper, zinc, cadmium, zirconium and titanium. 
The water insoluble metal compound preferably is a metal oxide or hydroxide. Water 
Insoluble metal compounds of multivalent metals are preferred. Representative metal oxides 
suitable for use in the compositions described herein include cobalt (I) oxide (CoO), cobalt 
(II) oxide (C02O3), selenium oxide (SeOj), chromium (TV) oxide (Cr02), manganese oxide 
(MnCb), titanium oxide (TiOa), lanthanum oxide (Lj^Oj), zirconium oxide (ZrO?), silicon 
oxide (SiOj), scandium oxide (SC2O3), beryllium oxide (BeO), tantalum oxide ffaaOs), 
cerium oxide (CeOs), neodymium oxide (NdaO;.), vanadium oxide (VaOs), molybdenum 
oxide CM03.O3), tungsten oxide (WO), tungsten trioxide (WO3), samarium oxide (SmzOs), 
europium oxide {Eu?0 3 ), gadolinium oxide (GdjOa), terbium oxide (TbijO?), dysprosium 
oxide (DV2Q3), holmium oxide (H02O3), erbium oxide (EqOj), thulium oxide (TrasOj), 
ytterbium oxide (Yb£>$), luietium oxide (L112O3), aluminum oxide (AI2O3), indium oxide 
(InOs), germanium oxide (GeOj), antimony oxide (SbjOa), tellurium oxide (TeOj), nickel 
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oxide (NiO), and zinc oxide (ZnO). Oilier oxides include barium oxide (BaO), calcium oxide 
(CaO), nickel oxide (111) {Ni^Os), magnesium oxide (MgO), iron (IT.) oxide (FeO), iron (ill) 
oxide (FesOj), copper oxide (IT) (CuO), cadmium oxide (CdO), and zirconium oxide (Zr0 2 ). 

Preferred properties defining fee metal compound include: (a) substantial insolubility 
in aqueous environments, smh as acidic or basic aqueous environments (such as those 
present in the gastric lumen); and (b) iom'zable surface charge at the pH of the aqueous 
environment. 

The water-insoluble metal compounds can be incorporated into the polymer by one of 
the following mechanisms; (a) physical mixtores which result in entrapment of the metal 
compound; (b) ionic interaction between metal compound and polymer; (c) surface 
modification of the polymers which would result in exposed metal compound on the surface; 
and (d) coating techniques such as fluidized bed, pan coating, or any similar methods known 
to those skilled in the art, which produce a metal compound enriched layer on the surface of 
the device. In certain embodiments, nanopar&les or micropartieles of the water-insoluble 
metal compound are incorporated into the polymer. 

In certain embodiments, the metal compound is provided as a fine particulate 
dispersion of a water-insoluble metal oxide which is incorporated throughout the polymer or 
at least on the surface of the polymer which is to be adhered to a tissue surface. The metal 
compound also can be incorporated in an inner layer of the polymer and exposed only after 
degradation or else dissolution of a "protective" outer layer. For example, a tablet core 
containing a polymer and metal may be covered with an enteric coating designed to dissol ve 
when exposed to intestinal fluid. The metal compound-enriched core then is exposed and 
become available for binding to GI mucosa. 

Fine metal oxide particles can be produced for example by micronizing a metal oxide 
by mortar and pestle treatment to produce particles ranging in size, for example, from 10.0 to 
300 ran. The metal oxide particles can be incorporated into the polymer, for example, by 
dissolving or dispersing the particles into a solution or dispersion of the polymer. 

Advantageously, metal compounds which are incorporated into polymers to improve 
then bioadhesrve properties can be metal compounds which are already approved by the FDA 
as either food or pharmaceutical additives, such as zinc oxide. 

Suitable polymers which can be used and into which the metal compounds can be 
incorporated include soluble and water-insoluble, and biodegradable and nonbiodegradable 
polymers, including hydrogels, thermoplastics, and homopolyraers, copolymers and blends of 
natural and synthetic polymers, provided that they have the requisite fracture strength when 
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mixed with a metal compound. In additional to those listed above, representative polymers 
which can be used in conjunction wife a metal compound include hydrophiiic polymers, such 
as those containing carboxylie groups, including pelyaerylie acid. Bioerodible polymers 
including polyanhydrides, po!y(hydroxy acids) and polyesters, as well as blends and 
copolymers thereof also can be used. Representative bioerodible po!y(hydroxy acids) and 
copolymers thereof which can be used include poly{lactic acid), poly(glycolic acid), 
poly(hydroxy-butyric acid), poly(liydroxyvaJeric acid). poly(caprolactone), poly(lactide-co- 
caprolactone), and polyCIactide-co-glycoiide). Polymers containing labile bonds, such as 
polyanhydrides and polyorthoesters, can be used optionally in a modified form with reduced 
hydrolyiic reactivity. Positively charged hydrogels, such as chitosan, and thermoplastic 
polymers, such as polystyrene also can be used. 

Representative natural polymers which also can be used include proteins, such as 
zein, modified zein, casein, gelatin, gluten, serum albumin, or collagen, and polysaccharides 
such as dextrans, polyhyaluronic acid and alginic acid. Representative synthetic polymers 
include polyphosphates, polyamides, polycarbonates, polyacrylamides, polysiloxanes, 
polyurethanes and copolymers thereof. Celluloses also can be used. As defined herein the 
term "celluloses" includes naturally occurring and synthetic celluloses, such as alley! 
celluloses, cellulose ethers, cellulose esters, hydroxyalkyl celluloses and nitocelMoses. 
Exemplary celluloses include ethyl cellulose, methyl cellulose, carboxymethyl cellulose, 
hydroxymethyl cellulose, hydroxypropyl cellulose, hydroxypropyl methyl cellulose, 
hydroxybutyl methyl cellulose, cellulose acetate, cellulose propionate, cellulose acetate 
butyrate, cellulose acetate phthalate, cellulose triacetate and cellulose sulfate sodium salt, 
Polymers of acrylic and raethacryiie acids or esters and copolymers thereof can be 
used. Representative polymers which can be used include poly(methy] methacrylate), 
poly(e%3 methacrylate), po!y(butyl methacrylate), poly(isobulyi methacrylate), poly(hexyl 
methacrylate), poIy(isodecyl rne&acrylate), poly(lauryl mettecrylate), poly(phenyI 
methacrylate), poly(methyl acrylate), poly(isopropyl acrylate), poly(isobutyl acrylate), and 
polytoctadecyl acrylate). 

Other polymers which can be used include polyalkylenes such as polyethylene and 
polypropylene; polyaryMkylenes such as polystyrene; poly{a!kylene glycols), such as 
polyethylene glycol): poly(alkylene oxides), such as pory(ethylene oxide); and poIy(alkyle«e 
terephthalatcs), such as polyethylene terephthalate). Additionally, poly vinyl polymers can be 
used, which, as defined herein includes polyvinyl alcohols, polyvinyl ethers, polyvinyl esters 
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and polyvinyl halMes. Exemplary polyvinyl polymers include polyvinyl acetate), polyvinyl 
phenol and polyvinylpyrrolidone. 

Water soluble polymers can also be used. Representative examples of suitable water 
soluble polymers include polyvinyl alcohol, polyvmylpyrroKdone, methyl cellulose, 
hydroxypropyl cellulose, hydroxypropylmethyi cellulose and polyethylene glycol, 
copolymers of acrylic and methacrylio acid esters, and mixtures thereof. Water insoluble 
polymers also can be used. Representative examples of suitable water insoluble polymers 
include eraylcelhdose, cellulose acetate, cellulose propionate (lower, medium or -higher 
molecular weight), cellulose acetate propionate, cellulose acetate buiyrate, cellulose acetate 
phthalate, cellulose triacetate, poly(merayl methacrylate), poly(ethyi meihacrykte), 
poly(butyl methacrylate), poly(isobutyl methacrylate), poly(hexyI methacrylate), 
poly(isodecyl methacrylate), poly(lauryl methacrylate), polypheny! methacrylate), 
poly(methyl acrylate), poly(isopropyi acrylate), poiy(isobutyl acrylate), poly(octadecyl 
acrylate), polyethylene), polyethylene) low density, poly(ethyleue) high density, 
polypropylene), polyethylene oxide), poly(e(hylene terephthalate), polyvinyl isobutyl 
ether), polyvinyl acetate), poly(vinyl chloride), polyurethanes, and mixtures thereof. In 
certain embodiments, a water insoluble polymer and a water soluble polymer are used 
together, such as in a mixture. Such mixtures are useful is controlled drug release 
formulations, wherein the release rate can be controlled by varying the ratio of water soluble 
polymer to water insoluble polymer. 

Polymers varying in viscosity as a function of temperature or shear or other physical 
forces also may be used, Poly(oxyalkylene) polymers and copolymers such as polyethylene 
oxide)-poly(propylene oxide) (PEO-PPO) or polyethylene oxide>poly(butylene oxide) 
(PEO-PBO) copolymers, and copolymers and blends of these polymers with polymers such 
as poiy(alpha-hydroxy acids), including but not limited to lactic, glycoKc and hydroxybutyic 
acids, polycaprolactones, and polyvalerolactones, can be synthesized or commercially 
obtained. For example, polyoxyalkylene copolymers are described in U.S. Patent Nos. 
3,829,506, 3,535,307, 3,036,1 IS, 2,979,578, 2,677,700 and 2,675,619. Polyoxyalkylene 
copolymers are sold, for example, by BASF under the trade name PLURONICS™. These 
materials are applied as viscous solutions at room temperature or lower which solidify at the 
higher body temperature. Other materials with this behavior are known in the art, and can be 
utilized as described herein. These include KLUCEL™ (hydroxypropyl cellulose), and 
purified konjac glucomannan gum. 
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Otter suitable polymers are polymeric lacquer substances based on acrylates and/or 
methacrylates, commonly called EUBRAGIT™ polymers (sold by Roto America, Inc.), 
Specific EUDRAGIT™ polymers can be selected having various permeability and water 
solubility, which properties can be pH dependent or pH independent. For example, 
EUDRAGIT™ RL and EUDRAGIT™ RS are acrylic resins comprising copolymers of 
acrylic and methaciylie acid esters with a low content of quaternary ammonium groups;, 
which are present as salts and give rise to the permeability of the lacquer films, whereas 
EUDRAGIT™ RL is freely permeable and EUDRAGIT™ RS is slightly permeable, 
independent of pH, In contrast, the permeability of EUDRAGIT™ L is pH dependent. 
EUDRAGIT™ L is an anionic polymer synthesized from methacrylic acid and methacryltc 
acid methyl ester. It is insoluble in acids and pure water, but becomes increasingly soluble in 
a neutral to weakly alkaline solution by forming salts with alkalis. Above pH 5,0, the polymer 
becomes increasingly permeable. 

Polymer solutions that are liquid at an ele vated temperature hut solid or gelled at body 
temperature can also be utilized. A variety of temoreversibie polymers are known, 
including natural gel-forming materials such as agarose, agar, fttrceliaran, beta-earrageenan, 
beta-l,3-glucans such as curdlan, gelatin, or polyoxyalkylene containing compounds, as 
described above. Specific examples include thennosetting biodegradable polymers for in vivo 
use described in U.S. Patent No. 4,938,763 , the contents of which are incorporated herein by 
reference. 

JMwmrBl&f^ with Monomers and/or Oligomers 

Polymers with enhanced bioadhesive properties are provided by incorporating 
anhydride monomers or oligomers into one of the polymers listed above by dissolving, 
dispersing, or blending, as taught by U.S. Patent Nos. 5,955,096 and 6,156,348, the contents 
of which are incorporated herein by reference, The polymers may be used to form drug 
deliver)' systems which have improved ability to adhere to tissue surfaces, such as mucosa! 
membranes. The anhydride oligomers are formed from organic diacid monomers, preferably 
the diarids normally found in the Krebs glycolysis cycle. Anhydride oligomers which 
enhance the bioadhesive properties of a polymer have a molecular weight of about 5000 or 
less, typically between about 100 and 5000 Daltons, or include 20 or fewer diacid units 
linked by anhydride linkages and terminating in an anhydride linkage with a caxfcoxylic acid 
monomer. 

The oligomer excipients can be blended or incorporated into a wide range of 
hydrophilic and hydrophobic polymers including proteins, polysaccharides and synthetic 
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biocompatible polymers, including those described above. In certain embodiments, anhydride 
oligomers may be combined with metal oxide particles, such as those described above, to 
improve bioadhesion even more than with the organic additives alone. Organic dyes, because 
of their electronic charge and hydrophobicity or hydrophiiicity, can either increase or 
decrease the bioadbesive properties of polymers when incorporated into the polymers. 

As used herein, the term "anhydride oligomer" refers to a diacid or polydiaeid linked 
by anhydride bonds, and having carboxy end groups linked to a monoacM such as acetic acid 
by anhydride bonds. The anhydride oligomers have a molecular weight less than about 5000, 
typically between about 100 and 5000 Daltons, or are defined as including between one to 
about 20 diacid units linked by anhydride bonds. In certain embodiments, the diacids are 
those normally found in the Krebs glycolysis cycle. The anhydride oligomer compounds have 
high chemical reactivity. 

The oligomers can he formed in a reflux reaction of the diacid with excess acetic 
anhydride. The excess acetic anhydride is evaporated under vacuum, and the resulting 
oligomer, which is a mixture of species which include between about one to twenty diacid 
units linked by anhydride bends, is purified by recrystallizing, for example, from toluene or 
other organic solvents. The oligomer is collected by filtration, and washed, for example, in 
ethers. The reaction produces anhydride oligomers of mono and poly acids with terminal 
carboxylie acid groups linked to each other by anhydride linkages. 

The anhydride oligomer is hydrolytically labile. As analyzed by gel permeation 
chromatography, the molecular weight maybe, for example, on the order of 200-400 for 
fumaric acid oligomer (FAPP) and 2000-4000 for sebacic acid oligomer (SAPP). The 
anhydride bonds can be detected by Fourier transform infrared spectroscopy by the 
characteristic double peak at 1750 cm" J and 1820 cm" 1 , with a corresponding disappearance of 
the carboxylic acid peak normally at 1700 cm" 1 . 

In certain embodiments, the oligomers may be made from diacids described fox- 
example m U.S. Patent Nos. 4,757,128, 4,997,904 and 5,175,235, the disclosures of which 
are incorporated herein by reference. For example, monomers such as sebacic acid, bis(p- 
carboxy~phenoxy)propane, isophathalie acid, fumaric acid, maleie acid, adipic acid or 
dodecauedioic acid may be used, 

Organic dyes, because of their electronic charge and hydrophiiicity or hydrophobicity, 
may alter the bioadbesive properties of a variety of polymers when incorporated into the 
polymer matrix or bound to the surface of the polymer. A partial listing of dyes that affect 
bioadbesive properties include, but are not limited to: acid fiichstn, aJcian blue, alizarin red s. 
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auramine o, azure a and b, Bismarck brown y, brilliant cresyl blue aid, brilliant green, 
carmine, cibacron blue 3GA, congo red, cresyl violet acetate, crystal violet, eosin b, eosin y, 
erythrosin b» fast green M, giemsa, hematoyKn, indigo carmine, Janus green b, .Tenner's stain, 
malachite green oxalate, methyl blue, methylene blue, methyl green, methyl violet 2b, neutral 
red, Nile bke a, orange H, orange G, orcein, paraosanilme chloride, phloxine b, pyromn b 
and y, reactive blue 4 and 72, reactive brown 10, reactive green 5 and 19, reactive red 1 20, 
reactive yellow 2,3, 13 and 86, rose bengal, safranin, Sudan HI and IV, Sudan black B and 
tomidme blue. 



Polymers Functionalteed with Hydraxy-Subsiiiated Aromatic Grou p's 
Polymers having an aromatic group which contains one or more hydroxy! groups 
grafted onto them or coupled to individual monomers are also suitable for use in the 
bioadhesive coatings of the invention. Such polymers can be biodegradable or non- 
biodegradable polymers. The polymer can be hydrophobic. Preferably, the aromatic group is 
catechol or a derivative thereof and the polymer contains reactive functional groups. 
Typically, the polymer is a polyanhydride and the aromatic compound is the catechol 
derivative DOPA. These materials display bioadhesive properties superior to conventional 
bioadhesives used in therapeutic and diagnostic applications. 

The molecular weight of the suitable polymers and percent substitution of the polymer 
with the aromatic group may vary greatly. The degree of substitution varies based on the 
desired adhesive strength, it may be as low as 10%, 25% or 50%, or up to 100% substitution. 
Generally, at least 50% of the monomers in the polymeric backbone are substituted with at 
least one aromatic, group. .Preferably, about 100% of the monomers in the polymeric 
backbone are substituted with at least one aromatic group. The resulting polymer has a 
molecular weight ranging from about 1 to 2,000 kDa. 

The polymer that forms that backbone of the bioadhesive material can be a 
biodegradable polymer. Examples of preferred biodegradable polymers include synthetic 
polymers such as poly hydroxy acids, such as polymers of lactic acid and glycolic acid, 
polyanhydrides, poly(orfho)estets, polyesters, polyitrethanes, poiy(butyrie acid), poly(valeric 
acid), poiy{caprolacton©}» polyCbydroxybutyrateXpolyOactide-co-glycolide) and poiy(lacdde~ 
coeaprolactone), and natural polymers such as alginate and other polysaccharides, collagen 
and chemical derivatives thereof (substitutions, additions of chemical groups, for example, 
alkyl, alkylene, hydroxylations, oxidations, and other modifications routinely made by those 
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skilled in the art), albumin and other hydrophilic proteins, zein and other prolamines and 
hydrophobic proteins, copolymers and mixtures thereof. In general, these materials degrade 
either by enzymatic hydrolysis or exposure to water in vivo and by surface or bulk erosion. 
The foregoing materials may be used alone, as physical mixtures (blends), or as co-polymers. 

Suitable polymers can formed by first coupling the aromatic compound to the 
monomer and then polymerizing. In this example, the monomers may be poryraeraed to form 
a polymer backbone, including biodegradable and non-biodegradable polymers. Suitable 
polymer backbones include, but are not limited to, polyanhydrides, polyarnides, 
polycarbonates, polyalkyleaes, polyalkyiefie oxides such as polyethylene glycol, 
polyalkylene terephthalates such as poly(ethylene terephthalaie), polyvinyl alcohols, 
polyvinyl ethers, polyvinyl esters, polyethylene, polypropylene, polyvinyl acetate), 
poIy(vrayl chloride), polystyrene, polyvinyl halides. polyvinylpyrrolidone, poiyhydroxy 
acids, polysiloxanes, polyurethanes and copolymers thereof, alkyl cellulose, hydroxyalkyl 
celluloses, cellulose ethers, cellulose esters, niirooellulloses, polymers of acrylic and 
methacrylic esters, methyl cellulose, ethyl cellulose, hydroxypropyl cellulose, hydroxy- 
propyl methyl cellulose, hydroxybutyl methyl cellulose, cellulose acetate, cellulose 
propionate, cellulose acetate butyrate, cellulose acetate phthalate, earboxylethyl cellulose, 
cellulose triacetate, cellulose sulfate sodium salt, andpolyacryiatss such as poIy(methyl 
me^crykte),polv(elhylmethacrylate) } poly(butyimethacrylate), poiy{isobutyIniethacrykte), 
poly(liexylmeihacrylate), poly(isodecyImethacrykte) s poly(lauryl methacrykte), polypheny! 
methacrykte), poly(methyJ acrylate), polytisopropyl acrylate), poiy(isobutyl acrylate). 
poly(octadccyl acrylate). 

A suitable polymer backbone can be a known bioadhesive polymer that is hydrophilic 
or hydrophobic, Hydrophilic polymers include O\RB0P0L™, polyearbophil, cellulose 
esters, and dextran. 

Non-biodegradable polymers, especially hydrophobic polymers are also suitable as 
polymer backbones. Examples of preferred non-biodegradable polymers include ethylene 
vinyl acetate, poly(metlmcrylic acid), copolymers of maleic anhydride with other unsaturated 
polymerizable monomers, poly(butadiene maleic anhydride), polyarnides, copolymers and 
mixtur es thereof and dextran, cellulose and derivatives thereof 

Hydrophobic polymer backbones include polyanhydrides, poly(ormo)esters, and 
polyesters such as polyeaproketone. Preferably, the polymer is suflieiently hydrophobic that 
it is not readily water soluble, for example the polymer should be soluble up to less than 
about 1 % w/w in water, preferably abcnt 0.1% w/w in water at room temperature or body 
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temperature, la the most preferred embodiment, the polymer is a polyanhydride, such as a 
polyfbutadiene maleic anhydride) or another copolymer of maleic anhydride, Pohyanhydrides 
may be formed from dicarhoxylic acids as described in U.S. Patent No. 4,757,128 to Domb et 
al., incorporated herein by reference. Suitable diaeids include aliphatic dicarhoxylic acids, 
aromatic dicarhoxylic acids, aromatic-aliphatic dicarhoxylic acid, combinations of aromatic, 
aliphatic and aromatic-aliphatic diearboxyiic acids, aromatic and aliphatic heterocyclic 
dicarhoxylic acids, and aromatic and aliphatic heterocyclic dicarhoxylic acids in combination 
with aliphatic dicarhoxylic acids, aromatic-aliphatic dicarhoxylic acids, and aromatic 
dicarboxyiic acids of more than one phenyl group. Suitable monomers include sebacic acid 
(SA), funiarie acid (FA), bis{p-carboxyphenox.y)pmpaue (UP), isophfeafic acid (IPh), and 
dodecanedioic acid (DD). . 

A wide range of molecular weights are suitable for the polymer thai forms the 
backbone of the bioadhesive material. The molecular weight may be as low as about 200 Da 
(for oligomers) up to about 2,000 fcDa. Preferably the polymer has a molecular weight of at 
least 1 ,000 Da, more preferably at least 2,000 Da, most preferably the polymer has a 
molecular weight of up to 20 fcDa or up to 200 kDa. The molecular weight of the polymer 
may be up to 2,000 kDa. 

The range of substitution on the polymer varies greatly and depends on the polymer 
used and the desired bioadhesive strength. For example, a butadiene maleic anhydride 
copolymer that is 100% substituted with DOPA will have the same number of DO P A 
molecules per chain length as a 67% substituted ethylene maleic anhydride copolymer. 
Typically, the polymer has a percentage substitution ranging from 10% to 100%, preferably 
ranging from 50% to 100%. 

The polymers and copolymers that form the backbone of the bioadhesive material 
include reactive functional groups thai internet with the functional groups on the aromatic 
compound. 

It is desirable that the polymer or monomer that forms the polymeric backbone 
contains accessible functional groups mat easily react with molecules contained in the 
aromatic compounds, such as amines and thiols. In a preferred embodiment, the polymer 
contains amino reactive moieties, such as aldehydes, ketones, earboxylic acid derivatives, 
cyclic anhydrides, alkyl halides, aryl azides. isoeyanates, isoihiocyanates, snccinimidyl esters 
or a combination thereof 

Preferably, the aromatic compound containing one or more hydroxy! groups is 
catechol or a derivative thereof. Optionally, the aromatic compound is a polyhydroxy 
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aromatic compound, such as a trihydroxy aromatic compound (eg., pMoroglucinoi) or a 
multihydroxy aromatic compound (&g., tmvm). The catechol derivative may contain a 
reactive group, such as an amino, thiol, or halide group. The preferred catechol derivative is 
3,4-mlrydroxvphenyIakame (DOPA), which contains a primary amine. Tyrosine, the 
immediate precursor of DOPA, which differs only by the absence of one hydroxy! group in 
the aromatic ring, can also be used. Tyrosine is capable of conversion (e.g„ by hydroxylarion) 
to the DOPA form, A particularly preferred aromatic compound is an amme-centaming 
aromatic compound, such as an amme-eontaining catechol derivative {eg., dopamine). 

Two general methods are used to form the polymer product. In one example, a 
compound containing an aromatic group which contains one or more hydroxy! groups is 
grafted onto a polymer. In this example, the polymeric backbone is a biodegradable polymer. 
In a second example, the aromatic compound is coupled to individual monomers and then 
polymerized. 

Any chemistry which allows for the conjugation of a polymer or monomer to an 
aromatic compound containing one or mors hydroxy? groups can be used, for example, if the 
aromatic compound contains an amino group and the monomer or polymer contains an amino 
reactive group, this modification to the polymer or monomer is performed through a 
nncleophtiic addition or & nucleophilic substitution reaction, such as a Michael-type addition 
reaction, between the amino group m the aromatic compound and the polymer or monomer. 
Additionally, other procedures can be used in the coupling reaction. For example, 
earbodiimide and mixed anhydride based procedures form stable amide bonds between 
carhoxylic acids or phosphates and ammo groups, bifunctionai aldehydes react with primary 
amino groups, biftmctional active esters react with primary amino groups, and divinylsulfone 
facilitates reactions with amino, thiol, or hydroxy groups. 

The aromatic compounds are grafted onto the polymer using standard techniques to 
form the bioadhesive material, In one example, L-DOPA is grafted to maleic anhydride 
copolymers by reacting the free amine in L-DOPA with the maleic anhydride bond in the 
copolymer. 

A variety of different polymers can be used as the backbone of the bioadhesive 
material, as described above. Additional representative polymers include 1:1 random 
copolymers of maleic anhydride with ethylene, vinyl acetate, styrene, or butadiene. In 
addition, a number of other compounds containing aromatic rings with hydroxy substimenis, 
such as tyrosine or derivatives of catechol, can be used in this reaction. 
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In another embodiment, the polymers are prepared by conj ugate addition of a 
compound containing an aromatic group that is attached to an amine to one or more 
monomers containing an amino reactive group. In a preferred method, the monomer is an 
acrylate or the polymer is aerylate. For example, the monomer can be a diaeiylate such as 
1 ,4-butanediol diaeiylate, 1,3-propanediol diacrylate, 1,2-ethanediol diaeiylate, 1,6- 
hexanedioi diaeiylate, 2,5-hexanediol diacrykte or 1,3-propanediol diacrylate. In m example 
of the coupling reaction, the monomer and the compound containing an aromatic group are 
each dissolved in an organic solvent (e.g., THP, CEfeCfe, methanol, ethanol, CHClj, hexanes, 
toluene, benzene, CCkt gfymc, diethyl ether, etc.) to form two solutions. The resulting 
solutions are combined, and the reaction mixture is heated to yield the desired polymer. The 
molecular weight of die synthesized polymer can be controlled by the reaction conditions 
(e.g. 7 temperature, starting materials, concentration, solvent, etc.) used in the synthesis. 

For example, a monomer, such as 1 ,4-phenylene diacrylate or 1,4-butanediol 
diaeiylate having a concentration of 1 .6 M, and DOPA or another primary amine containing 
aromatic molecule are each dissolved in an aprotic solvent such as DMF or DMSO to form 
two solutions. The solutions are mixed to obtain a 1:1 molar ratio between the diacrylate and 
the amine group and heated to 56°C to form a bioadhesive material 

Bioadkexive Polymer Blends 

Hydrophobic polymers, such as polyesters, poly (anlrydrides), ethyl cellulose, even if 
possibly non-adhesive on their own, may nevertheless be made bioadhesive simply by 
physically mixing the hydrophobic polymers with one or more suitable compounds (such as 
catechols or derivatives L-DOPA, D-DOPA, dopamine, or carbidopa, etc.) to create 
"bioadhesive compositions." Similarly, metal oxides may also be used for this purpose. 

The molecular weight of the bioadhesive poly mers and pe rcent substitution o f the 
polymers with residues of the compounds disclosed may vary greatly. The degree of 
substitution varies based on the desired adhesive strength, it may be as low as 10%, 20%, 
25%. 50% , or up to J 00% substitution. On average, at least 50% of the repeat units in the 
polymeric backbone are substituted with at least one residue. In one particular embodiment, 
75-95% of the residues in the backbone are substituted with at least one residue . In another 
particular embodiment, on average 100% of the repeat units in the polymeric backbone are 
substituted with at least one residue. The resulting bioadhesive polymer typically has a 
molecular weight ranging from about 1 to 2,000 KDa, such as I to 1,000 kDa, 10 to 1,000 
kDa or 100 to 1 ,000 kDa, Polymers used in bioadhesive compositions typically have the same 
range of molecular weights. 
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Unlike the bioadhesive polymers described above, there is typically ho covalent bond 
formed between the compounds and the polymer in the bioadhesive compositions (Le., the 
polymer does not chemically react with the compound, although hydrogen bonds, ionic bonds 
and/or van der Waals interac tions can occur). 

Suitable polymers for use in bioadhesive compositions are described above. 
Typically, the polymer itself may not be bioadhesive, but ibe polymer can be bioadhesive 
(e.g., a polymer with hydrogen bond-forming pendant groups). Preferably, the polymer is a 
hydrophobic polymer such as a poly(lactone), g.g. t poly(caprolactone). 

To form fee bioadhesi ve compositions of the invention, typically a polymer and a 
suitable compound are dissolved in a compatible solvent and mixed together. The solvent is 
then evaporated, preferably at a controlled temperature and rate of removal . Alternatively or 
in combination with general evaporation, die bioadhesive composition can be spray dried or 
dried at room temperature, 

In another example, a mixture of a polymer and a suitable compound are melted at or 
slightly above the melting point of the polymer, typically while being mixed. Both the 
polymer and the suitable compound should be selected such that they are chemically stable 
(e.g. , do not decompose, do not become oxidized) at die melting point temperature. After the 
composition has re-solidified, it can be milled in order to obtain particles of the desired size. 

The subject bioadhesive compositions can also be prepared by dry mixing of a 
polymer and a suitable compound, provided that the suitable compound is sufficiently 
distributed throughout the composition. 

In each of the above methods, additional components can be added to the mixture 
prior to dissolution, melting and/or mixing. The additional components are preferably stable 
under the conditions the mixture is exposed to. in particular, active agents should be stable at 
the melting point temperature if that method is employed. 

The weight ratio of polymer to the suitable compound in a bioadhesive composition 
can be selected to give the desired amount of bioadhesion. Typically , the weight ra tio of 
polymer to compound is 9:1 to 1:9, such as 3:1 to 1:3 or 2:1 to 1:2. For example, when the 
polymer is predominant component, the weight ratio is 9:1 to 1:1,3:1 to 1:1 or 2; I to 1:1. 

In the subject methods and pharmaceutical compositions, the suitable compounds 
(such as L-DOPA, D-DOPA, dopamine, or carbidopa.. etc) may be used as agents to render 
the hydrophobic polymers bioadhesive, and/or be used as active ingredients in the 
pharmaceutical composition to be delivered to the patient. Thus, in certain embodiments, if 
carbidopa is used as part of the bioadhesive layer (for example, as the bioadhesive material. 
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on tire shell of Figure 5, or as the layer to coat fee care comprising fee second zero-order 
release portion), the total carbidopa dosage may be adjusted to account for the release of 
carbidopa from the bioadhesive material. 

Similarly, in certain embodiments, when L- or D-dopa is used as the suitable 
compound to render the hydrophobic polymer bioadhesive, fee dosage of total Levodopa or 
precursor thereof may be adjusted elsewhere in, for example, the relevant portion or sub- 
portions of ike IR or CR (controlled release, e.g., zero-order release rate portion). 

In certain embodiments, a higher proportion of L-dopa (or D-Dopa) may be used to 
achieve a significant amount of release (e.g., more or less immediate release) from the 
polymers. In other embodiments, L- or D-Dopa may be used such feat the polymer is still 
adhesive, but the release of L- or D-Dopa from the bioadhesive polymer is less significant 
compared to the levodopa or precursors thereof in IR, and/or one or more other portions or 
sub-portions of fee subject dosage form. 
Ceatfegg 

Preferred bioadhesive coatings do not appreciably swell upon hydration, such that 
they do not substantially inhibit or block movement (e.g., of ingested food) through the 
gastrointestinal tract, as compared to the polymers disclosed by Duchene et al Generally, 
polymers feat do not appreciably swell upon hydration include one or more hydrophobic 
regions, such as a poJymefeylene region (e.g., (CH^, where n is 4 or greater). The swelling 
of a polymer can be assessed by measuring fee change in volume when the polymer is 
exposed to an aqueous solution. Polymers that do not appreciably swell upon hydration 
expand in volume by 50% or less when felly hydrated. Preferably, such polymers expand in 
volume by less than 25%, less than 20%, less than 15%, less than 10% or less than 5%. Even 
more preferably, fee bioadhesive coatings are mucophiiic. A polymer that does not 
appreciably swell upon hydration can be mixed wife a polymer that does swell (&g 4 , 
CARBOPOL 5M f poly(aerylic acid), provided that the amount of swelling in fee polymer does 
not substantially interfere with bioadhesiveness. 

In certain embodiments, the bioadhesive polymeric coating consists of two layers, an 
inner bioadhesive layer feat does not substantially swell upon hydration and an outer 
bioadhesive layer that is readily faydratable and optionally bioerodable, such as one 
comprised of CAKBOPOL™. 

The bioadhesive polymers discussed above can be mixed with one or more 
plasticizers or thermoplastic polymers. Such agents typically increase the strength and/or 
reduce fee briftleness of polymeric coatings. Examples of plasticizers include dibutyi 
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sebacate, polyethylene glycol, Methyl citrate, cKbmyl adipate, dibatyl fumarate, diethyl 
phthalate, ethylene oxide-propyteae oxide block copolymers such as FLUROMC™ F68 and 
di(see-biityl) fumarate. Examples of thermoplastic polymers include polyester, 
pQly(eaprolactone) } poiyketide, poly(teetide-eo- glyeolide), methyl methacrylate (e.g., 
EUDRA6iT m ), cellulose and derivatives thereof sach as ethyl cellulose, cellulose acetate 
and hydroxypropyl methyl cellulose (HPMC) and large molecular weight polyanhydrtdes. 
The pksticizers and/or thermoplastic polymers are mixed with a bioadfaesive polymer to 
achieve the desired properties. Typically, the proportion of plastieizers and thermoplastic 
polymers, when present, is from 0,5% to 40% by weight 

In certain embodiments, me bioadfaesive polymer coating, in a dry packaged form of a 
tablet, is a hardened shell 

A tablet or a drag eluting device can have one or more coatings in addition to the 
bioadfaesive polymeric coating. These coatings and their thickness can, for example, be used 
to control where in the gastrointestinal tract the bioadfaesive coating becomes exposed. In one 
example, the additional coating prevents the bioadhesive coating from contacting the mouth, 
esophagus and stomach. In another example, the additional coating remains intact until 
reaching die small intestine (e.g., an enteric coating). 

Examples of coatings include me&ylmetfaacrylates, zein, cellulose acetate, cellulose 
phtbakte, HMPC, sugars, enteric polymers, gelatin and shellac. Premature dissolution of a 
tablet in the mouth can be prevented with hydropfailic polymers such as HPMC or gelatin. 

Coatings used in tablets of the invention typically include a pore former, such that the 
coating is permeable to the drug. Exemplary pore formers include: sugar, mannitol, HPC 
(hydroxypropyl cellulose), HPMC, dendrites, Nad, etc. 

Tablets and drug eluting devices of the invention can be coated by a wide variety of 
methods. Suitable methods include compression coating, coating in a finalized bed or a pan, 
enrobing, and hot melt (extrusion) coating, etc. Such methods are well known to those skilled 
in the art. 

All the above compositions, derivatives, precursors, additional components that can 
be used with the subject prarMpexole compositions, dosage forms, methods of making and 
using, etc. , are adaptable or directly useable with the instant invention, and are thus expressly 
incorporated herein by reference. 

Exam ples: 
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Having described the indention with reference to certain preferred embodiments, 
other embodiments will become apparent to one skilled in the art from consideration of the 
specification. The invention is farther defined by reference to the following examples 
describing in detail the preparation of fee composition and methods of use of the invention. It 
will be apparent to those skilled in the art that many modifications., both to materials and 
methods, may be practiced without departing from the scope of the invention. 

Example 1 Pharmacokinetic Studies for Mirapex® Tablets 

Preliminary pharmacokinetic studies were conducted in beagle dogs to evaluate the 
performance of MfRAPBX® tablets. The propose of these studies was to determine fee 
performance and limitations of MIR APEX® tablets. 

The results showed feat fee pharmacokinetic (PK) performance of MIRAPEX® 0.125 
mg tablets in fed and fasted beagles was identical, and food intake did not affect fee 
bioavailability of pramipexole (see Figure 2 and Table 1). These results were in accordance 
to those reported tor humans. 

However, all six fasted dogs had emesis within 3 hour of dosing,, while no emesis was 
observed in fed dogs, Emesis was mainly attributed to rapid dissolution of tablets with an 
immediate release of pramipexole, triggering a locally mediated nau sea via gastric irritation, 



Table 1: Pharmacokinetic. Performance of MIRAPEX 0,125 mg Tablets 
in Fed and Fasted Beagle Dogs 



Formufation/Sitate 




AUC ' . 
(iig''mL*hr) 


C^«(ng/niL) 


T mx (hrs): 


MIRAPEX® Tablets, 
0,125 mg (Fed) 


none 


8.55 * 1.85 


1,75*0.26 


2.0*0.4 


MIRAPEX® Tablets, 
0.125 mg (Fasted) 


All within 1 hr 
of dosing 


11,05*2.89 


1,85 ±0.44 


1.7*0.3 



Example 2 Pramipexole Delayed Release (DR) Tablets 

Based on the PK data above, it was determined that an effective formulation of 
pramipexole with reduced peak plasma levels, and a lag time should reduce the adverse 
effects. 
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An additional study was performed to evaluate the performance of MIR APEX® 0,125 
mg tablets, plain, as well as MIRAPEX® 0.125 mg tablets, coated with an enteric polymer, 
BUDRAGIT L 100 in lasted dop. In Ms experiment, MIRAFEX* 0. 1 25 mg tablets were 
enteric-coated manually to produce the enteric polymer-coated MIRAPBX® 0.125 mg tablets. 
Specifically, tablets were hand-dipped using forceps in 1 0% w/v coaling solution of 
EUDRAGIT L 100 in acetone, so as to achieve a final weight gain of 5-20% w/w. 

The results of one exemplary experiment are shown in Figure 3 and Table 2. 

Table 2: PK Performance and Emesis Response of Enteric-Coated MIRAPEX® 0.125 mg 
Tablets and Plain MIRAPEX® 0. 125 mg Tablets in Fasted Beagle Dogs 



Formulation 


Emesis 


AUC 
(»g/ml>*lir) 


(hg/raL) . 


fmw (hrs) 


Enteric-Coated 
MIRAPEX® Tablets, 
0.125 mg 


None 


10.24-1 .86 


1 .45*0.24 


3.4A0.4 


MiRAPEX® Tablets. 
0.125 mg 


All (Within 1 
hr of dosing) 


ll.05jfc2.S9 


1.85*0.44 


1.7A0.1 



The experiments showed that the enteric-coated MJRAPEX* tablets remained intact 
in the gastric pH of the stomach and did not release the drug. The time to achieve maximum 
plasma concentration (% nx< ) was increased by about 1.5-2 hours without affecting the extent 
of absorption. Importantly, none of the dogs involved in this study showed emesis, 
demonstrating that the modified delayed-release tablets substantially eliminates one side- 
effect associated with the conventional pramipexole treatment 

Example 3 : Pharmacokinetic evaluation of Mir apex 6. 1 25 mg Tablet administered in 
three times a day dosing regimen 

This examples describes pharmacokinetic data for MIRAPEX (pramipexole 
dihydrochloride) tablets 0. 125 mg; (lof#51 1-04?) to be dosed at the 0, 8, and 16 hour time 
point (Lot# 51 1-047} in the fed state of the dog model. 

Previously, PK studies in beagle dogs have been conducted with single dose of 
Mirapex 0.125 mg tablet, and this dose has been well tolerated by the beagle dog model. The 
subject pramipexole extended release capsule formulation contains 0.375 mg of pramipexole. 
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This study was conducted to compare the l»oav»kt»lily of a commercially available 
immediate release formulation to the subject ER formulation containing equivalent amount of 
the active drug. 



Table 3: PK Performance ©fMIRAPEX® 0. 125 mg Tablets three times a day in Beagle Dogs 



Formulation 


AUG : 

(ng/mL*hr) 


C 

(ng/aiL) 


Tmxx (firs) 


M1RAPEX® Tablets, 
0.125 mg (three times a day) 




3.43±0.16 


11.3*8.8 



Example 4 A Preparation of the Ptamipemle Extended Release (XRj Formulation 

Based on the above results, Applicants produced pramipexole extended release (XR) 
formulation, which contains multiparticulate beads containing 0.375 mg of pramipexole 
encased in an enteric-coated capsule. Pramipexole was initially layered on placebo core 
pellets (1.1- 1,4 mm) using Vector Mini Fluid Bed Drier (Mfl.01) with OPADRY® Clear as a 
binder. 

The placebo core pellets were prepared using low shear granulation, extrusion and 
spheronizaticra techniques. Following is the composition used for preparing placebo core 
pellets. 



Components j Weigbt(mg) 




jMicrocrystaHme Cellulose (Emcocel 90M), | 
jSP/NP j 60.0 


30.0 


iMannito] (MannogeBi Powdered), USP/NF j 130.0 


6s"6 


^droxypropyleelluloseCHPCSSLXUSP/NF j 10.0 


5.0 


purified i Water, USP/NF \ * 


* 



* Evaporated during drying proeessA 
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The placebo pellets were dried ia oven at 50°C for 17 hours to achieve a desired 
moisture level of 0.3% w/w, These pellets were then screened through size 10, 12, 14, 16 and 
i 8 mesh sieves. The particles retained on screen 14 and 16 were used for subsequent 
prarmpexole layering process. 

Pramipexole layered pellets were subsequently coated in Vector Mini Fluid Bed Drier 
(Mfl.Ol) with rate controlling polymer composition containing ethylceHulose (BTHOCEL w 
10 eps.) to achieve a final weight gain of 8.3% w/w and over coated with bioadhesive 
polymer SPHEROMER™ 111 polymer (5.3%). These pellets were then encapsulated in a size 
1 gelatin capsule and tested for release profile in USP II dissolution apparatus. The pellets 
were also evaluated for their in vivo performance in beagle dogs (see Figure 5). 

The following is the unit dose composition used for preparing pramipexole extended 
release capsule. 



Unit Dose Composition of Pramipexole Extended Release Capsule 



Components 




%w/w 


Pramipexole Dihyhrochloride Monohydrate 




0.19 


Microcrysrallinel5elulose (EMCOCBL* 90M) 


28T3 


Km 


Marmitol (Mannogeui Powder) 


60.93 




Hydrosypropyi Cellulose (HPC SSL) 


4.69 


2.43 


OPADRY* 8 Clear (YS-1- 1 9025-A) 


5.63 


2.92 


EthylceHulose (Ethocel 10 cps) 


8.28 


4,30 


Dibutyl Sebacate 


0.25 


0.13 


"Mourner (LUTROL > F 68} 


0.27 


0.14 


SPHEROMER'" r ffl 


5.14 


2.67 


Gelatin Capsule 


79 


41.00 


Ethanol* 






Methyl Alcohol* 






Purified Water* 






Total 


192.7 


100 



evaporated during processing 
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Example 4B Preparation of the Pramipexole Extended Release (XR) Formulation 

Based on the above results, Applicants produced a ptaaapexoto extended release (XR) 
formulation, which contains multiparticulate beads coataining 0.375 tag of pramipexole 
encased m an enteric-coated capsule. Pramipexole was initially iayeied on placebo core 
pellets (1.1— 1,4 mm) using Vector Mini Fluid Bed Drier (MfLO i) with OPADB.Y* Clear as a 
binder. 

The placebo core pellets were prepared using low shear granulation, extrusion and 
spheronizatiori techniques. Following is the composition used for preparing placebo cons 
pellets. 



Components 


Weight (mg) 


% w/w 


MIcrocrystalliae Cellulose (Emcocel 90M), 
SP/NF 


60.0 


30.0 


Maanitol (Marmogem Powdered), USP/NF 


130.0 


65.0 


Hyrfroxypropylcellulose (HPC SSL), USP/NF 


10.0 


5.0 


Purified Water, USP/NF 


* 


* 



* Evaporated during drying process. 



The placebo pellets were dried in ovea at 50*C for 17 hours to achieve a desired 
moisture level of 0.3% w/w. These pellets were then screened through size 10, 12, 14, 16 and 
1 8 mesh sieves. The particles retained on screes 14 and 5 6 were used for subsequent 
pramipexole layering process. 

Pramipexole layered pellets were subsequently coated ia a Vector Mini Fluid Bed 
Drier (Mft.01) with a rate controlling polymer composition containing ethyleellnlose 
(ETHOCEL® 10 cps.) to achieve a final weight gain of 8.3% w/w 

These pellets were then encapsulated in a size 1 gelatin capsule and tested for release 
profile hi USP II dissolution apparatus. The pellets were also evaluated for their in vivo 
performance in beagle dogs (See Figure 6). 

The following is the unit dose composition, used for preparing pramipexole extended 
release capsule. 
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Unit Dose Composition of Spherics' Pxaimpexole Multiparticulates Coated with 8.3% 
Ethylcellulose. 



C^fini rift ft FfiiK 


Weight (rag) 




Pram ipsxole Difay drochloride 
Monohydrate 


0.375 


0.2 


Macrocrystalline Cellulose 
(Emcocef 90M) 


28.13 


15.27 


Mannifol (Mannogem. Powder) 


60.93 


33.06 


Hy&roxypropyl Cellulose 

/TTTjr^ OCT \ 


4.69 




Upauly leax t. x >3- 1- 1 y'Jj. j~t\} 


5,63 


3,05 


Ethylcellulose (Eihncel 10 cps) 


S.28 


4.49 


Dibmyi Sebaeate 


0.25 


0.13 


Gelatin Capsule 


76.00 


41.24 


Ethanol* 






Methyl Alcohol* 






Purified Water* 






Total 


184.3 


100.0 



* evaporate during processing 



Example 5 Preparation of the Pramipexole Delayed ami Extended Release Form ulaiion 

Extended release capsules from Example 4A were farther coated with an enteric 
coating composition, Acryl-BZE™ White in a pan coater (O'Hara). Specifically, about 10% 
w/v solution of Aoryl-EZE™ White was prepared in ethanol and sprayed on pramipexole 
extended release <XR) capsule so as to achieve a final weight gain of 12% w/w. These 
delayed extended release (DXR) capsules were then tested for release profile in USP II 
dissolution apparatus, and were also evaluated for their in vivo performance in beagle dogs. 

The following is the unit dose composition of pramipexole Delayed Extended Release 
(DXR) capsule. 
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Unit Dose Composition of the Praa»ipea:ale Delayed Extended Release Capsule 



Components 






Pramipexole DihymocMoride Monohydrate 


0.375 


| 0.17 


MicrociystalHtie Cellulose (EMCOC3BL* 90M) 


28.13 


13,03 


Manniiol (Mannogenr Powder) 


60.93 


28,23 


Hydroxypropyl Cellulose (HPC SSL) 


4.69 


2.17 


OPADRY* Clear {YS-1-I9025-A) 


5.63 


2.61 


Ethylcellulose (Ethoeei 10 cps) 


8.28 


3.84 


Dibutyl Sebaeata 


0.25 


0.12 


1 Poloxamer (LUTRQL® F 68) 


0.27 


0.13 


1 SPHEROMER™ ill 


5.14 


2.38 


Acryl-EZE™' White (93O1.8509) 


23.12 


10.71 


Gelatin Capsule 


79.00 


36.61 


Ethaaol* 






Methyl Alcohol* 






Purified Water* 






Total 


215.S1 


100.0 | 



* evaporate daring processing 



The enteric-coated pramipexole capsules were tested for dissolution profiles using 
USP II apparatus. Initially, the dissolution was performed in 0.1 N HCL media, pH =* 1.2 for 
2 hours, followed by phosphate buffer pH ~ 6.8 for 22 hours. 

As shown in Figure 4, enteric-coated pramipexole delayed extended release (DXR) 
capsule showed a two hour delay in acidic environment followed by a slower release of 
pramipexole at pH 6 ,8 , 

Example 6: Pramipexole EX, 0375 mg Tablets [5 % mating (80 parts Sureleese® + 20 
pans OPADRY®) Formulation 

An extended release matrix dosage form according to the International Publication 
No. WO 2004/0 10999A1 (Lee etal., the entire contents of which is incorporated herein by 
reference) was prep ared as a 'comparator ionnnktion, The pramipexole matrix based 
controlled release formulation given in Example 5 of WO 2004/010999A1 (incorporated 
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herein by reference) was prepared according to the process disclosed therein, with the 
exception that pramipexole was layered onto the lactose particles to achieve its uniform 
dispersion. The in vitro release rate of the assembled formulation in phosphate buffer (pH 
6.8) using the USP Apparatus H at 50 rpm was similar to that disclosed in Lee, 

A study was conducted in fed beagle dogs to evaluate the performance of: (1) 
extended release moMpartieiiSate-based capsule formulation, (2) matrix-based tablet 
formulation, both containing 0.375 rag ptanapexole administered as a single dose, and (3) 
MIRAFEX® tablets (0.125 mg) administered mthree-thnes-a-day dosing regimen. 

As shown in Figure 6, immediate release MIRAFEX® tablets exhibited rapid initial 
absorption of pramipexole and dramatic fluctuations in pramipexole concentration, while the 
extended release formulations resulted in a lag lime, followed- by extended absorption up to 
16 hours. 

As shown in Table 4 belo w, the bioavailability estimate of the extended release 
capsule formulation was about 50% when compared to MIRAFEX® tablets given in a 
repeated manner. The bioavailability of Lee matrix formulation was even lower than the 
muHiparticukfe-based system, Although in the preliminary study in beagle dogs, decreased 
bioavailability was observed for the extended release formulation, this can be primarily 
attributed to short residence time in Ql tract. Since there are known differences between 
tomans and dogs in terms of motility, bacterial metabolism and Ql transit time, the above 
extended release formulation is expected to show higher extent of absorption in humans, as 
the half life of pramipexole is longer in humans. 
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Table 4: MIRAPEX tablets, 0.375 mg (0.125 rag X 3) vs. Praraipexofe 0.375 mg Extended 
Release Midtipaxticukte and Matrix Based Fonnulations 



Formulation 


AUC 
(ng/mL^hr) 


{mg/in'L) 


T 

max 

(lus) 


MIRAPEX® 0.375 mg 
(0.125 ragX 3) tablets 


58.05*4.61 


3,43 ±1.56 


1.1.3±2.8 


Pramipexole Multiparticulate Extended Release 
Capsule Formulation (0.375 mg) [Example 4] 


28.2*5.26 


1.88*0.29 


9.3±1.7 


Pramipexole Matrix-Based Extended Release Tablet 
Formulation (0.375 mg) [Example 6] 


1 SJM.22 


!.52M).26 


1Q.C&1.0 



Example 7: Pramipexole Delayed and Extended Release Capsule Formulations 

Applicants have conducted a human pharmacokinetic study to evaluate three subject 
pramipexole extended release capsules {known as "Type A," "Type B" and "Type C" 
formulations) against the approved reference product Mirapex® tablets (manufactured and 
marketed by Boehringer tngelheitn Pharmaceuticals, Inc., and marketed by Pfizer) listed in 
the FDA's Approved Drag Products wifh Therapeutic Equivalence Evaluations 25th Edition, 
2005. 

Three formulations of pramipexole extended release capsule, Type A s Type B and 
Type C, are provided for clinical testing. These formulations are once daily extended release 
(XR) pramipexole formulations containing multiparticulates encapsulated in enteric coated 
gelatin capsules. These formulations are similar with respect to the active substance to the 
existing formulation for Mirapex* tablets, e.g., pramipexole dihydroehioride monohydrate is 
the active substance in all the formulations. However, the dose levels are different. Bash 
Mirapex® tablet contains 0. 125 mg of pramipexole ^hydrochloride monohydrate, and is 
dosed three times a day with a total drug substance level of 0.375 mg (0,125mg * 3). The 
currently available immediate release pramipexole formulation (e.g., Mirapex®) is not ideal, 
as it is associated with poor patient compliance as well as treatment-emergent side effects that 
lead to poor patient tolerance. 
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The subject formulations contain 0.375 mg of active substance, and are suitable for 
once-daily administration. They are delayed, extended release oral dosage forms that will 
maintain effective plasma pramipexoie levels to produce a therapeutic effect over 
approximately 24 hours when administered to patients in need, and should result in 
diminished incidence and decreased intensity of prarnipexole's unwanted side effects. 

The pramipexoie extended release capsules. Type A, Type B and Type C, use 0.375 
mg of pramipexoie dihydrochioride raonohydrate as their active ingredient. The level used is 
within the limits specified in FDA's Approved Drug Products with Therapeutic Equivalence 
Evaluations 25* Edition, 2005, (Orange book). All exeiptents utilized in these formulations 
are within or below the listed levels for orally administered products. 

The subject extended release formulation was conceptualized for once-daily 
administration with improved bioavailability, patient compliance and toierability. It was to 
pro vide a lag time with slow absorption followed by steady plasma levels over an extended 
duration. The objectives of subject formulation approach were to slow down or delay the 
rapid absorption of pramipexoie that has been correlated with the major adverse effects of 
Mrrapex® tablets, while maintaining the effective plasma concentration over a 24 hours 
period. An enteric polymer coating was applied on the capsule not to allow the drug to get 
released in the stomach. 

The pramipexoie extended release capsules. Type A, Type B and Type C, described 
below differ either in the level of the rate controlling polymer, eihylcellulose, or bioadhesive 
coating composition containing Spheroraer III. Typically, the manufacture of pramipexoie 
multiparticulate extended release capsules Type A, Type B and Type C involves the 
following steps. 

1 . Manufacture of placebo core pellets. 

2. Manufacture of pramipexoie extended release pellets Type A, Type B and 
Type C. 

3. Manufacture of the enteric coated pramipexoie extended release capsules Type 
A 5 Type B and Type C. 

A brief description of the typical manufacturing process and in-process controls are 
detailed below. 

1. Preparation of Placebo Core Pellets: 

Mannitol and microcrystaOine cellulose are blended with hydroxypropyl 
cellulose in a blender. 

The dry blend is granulated with purified water using a low shear mixer. 
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The granules are extruded in a double roller extruder using a 1 .5 mm screen 
and the moisture content measured. 

The extmdate is spheronized ia an extruder. 

The pellets are dried in a dryer until the desired moisture content is achieved. 
The dried pellets are cheeked for size distribution. The placebo core pellets are 
tested for appearance, moisture content and particle size distribution. 

2. Preparation of Praniipexole XR Pellets for Types A, B and C 

The placebo core pellets are coated with a solution of GPADRY® Clear (YS- 
2 -1.9025- A) and pramipexole in the fhridized bed coater until the target weight gain is 
achieved. 

The pramipexole layered pellets are film coated with a polymer solution 
comprised of Ethocel 10 cps and dibufyl sebacate in the fluidized bed coater until the target 
weight gain is achieved. The target weight gain is 8.3% w/w for Type A and Type B and 
12% w/w of the original pramipexole matmitol pellets for formulation Type C 

The resulting extended release Type B pellets are film coated with a coating 
solution of SPHEROMEK™ HI and Poloxamer 1 88 (Lutrol© F<58) m the fhiidked bed coater 
until the target weight gain of 5.3% w/w is achieved. The pellets are then tested for 
appearance, identification, content assay, residual solvent and in vitro dissolution. 

3. Encapsulation and Enteric coating of Drug Product fur Types A, B and C 
Gelatin capsules are manually fdled with pramipexole extended release pellets 

for either Type A, Type B and Type C. 

The resulting capsules are applied with a gelatin band at the seam and coated 
with Acryi-Eze™ White (930 18509} enteric coating m the pan coater until the target weight 
gain is attained. The pellets are then tested for appearance, identification, content uniformity, 
content assay, impurities and dissolution. 

Specifically, pramipexole delayed and extended release (XR) formulation containing 
multiparticulate beads containing 0.375 tag of pramipexole encased in an enteric coated hard 
gelatin capsule was formulated. Pramipexole was initially layered on placebo core pellets 
(1 . 1- 1 .4 mm) using Vector Mini Fluid Bed Drier (Mfi.Ol) with OPADRY® Clear as a 
binder. 

The placebo core pellets were prepared using low shear granulation, extrusion and 
spheronization technique. Following is the composition used for preparing placebo core 
pellets, 
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Components 


Weight (g) 


% w/w 


Microcrystalline Cellulose 


60.0 


30,0 




130.0 


65.0 


Hvdroxypropylcellulose 
(HPC SSL), USP/NF 


1 0.0 


5.0 


Purified Water, USP/NF 


* 




Total 


200.0 




. 100 J 



* Evaporated during dtying process. 



The placebo pellets were dried in oven at 50 °C for 12-17 sours to achieve a desired 
moisture level of 1% w/w. These pellets were then screened through size 10, 12, 14, 16" and 18 
mesh sieves and the particles retained on screen 14 and 16 were used for subsequent 
prarnipexole layering process, pramipexole layered pellets were subsequently coated in 
Vector Mini Fluid Bed Drier (Mfi.01) with rate controlling polymer composition containing 
ethylceUulose (Bthocel* 10 cps.) to achieve a final weight gain of 8.3% w/w. These pellets 
were then encapsulated in a size 2 gelatin capsule. These capsules were sealed at the junction 
of cap and body using an aqueous gelatin solution and later on coated with 1 .6 % OPADRY* 
Clear (YS-1 49025-A). These OPADRY coated capsules were later on coated with an enteric 
coating composition, Acryl-EZE™ White in a pan coater (O'Hara). 10% w/v solution of 
Acryl-EZB™ White was prepared in ethanol and water (90:10) and sprayed on pramipexole 
extended release capsule so as to achieve a final weight gain of 12% w/w, These delayed 
extended release capsules were then tested for release profile in USP H. dissolution apparatus 
and were also evaluated for then- in vivo performance in beagle dogs. Following is the unit 
dose composition used for preparing pramipexole delayed extended release capsules Type A, 
Type B and Type C. 
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Unit Dme Composition of the Framipexole Delayed Extended Release Capsule, Type A, 

0.375 nig 





Weight (jfag) 


%w/w 


Pranupexole Oihydrochlonde Monohydrate 


0.375 


0.13 


MicwotystalKne Cellulose (Emcocef 90M) 


28.13 


10.10 


Mannitol (Marraogem Powder) 


60,93 


21.87 


Hydroxypropyl Cellulose (HFC SSL) 


4.69 


1.68 


OPADRY* Clear (YS-1-19025-A) 


8.80 


3.16 


E&ylcellulose (Eihocel 10 eps) 


S.2S 


2,97 


Dibutyl Sebacate 


0.25 


0.09 


Acryl-EZE' " White (9301 8509) 


23.12 


8,30 


Gelatin capsule 


144.00 


51.69 


E&anol* 






Meifcyl Alcohol* 






Purified Water* 






Total 


278.58 


100.0 



* evaporate during processing 
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Unit Dose Composition of the Pramipexole Delayed Extended Release Capsule, Type B, 

0.375 mg 



Components 


Weight (mg) 


%w/w 


Pramipexole Dihydrochloride Monohydiate 


0.375 


0,13 


Mieroeryst&lKne Cellulose (Emeoeel® 90M) 


28,13 


9,90 


Mannitol {Maiuiogera Powder) 


60.93 


21.45 


HydraxynropYl Cellulose i'HPC SSL) 


4.69 


1.65 


OPAORY^ Clear (YS-1-19025-A) 

.W.W.W.W...W.......W.......W........ , . 


S.90 


3.13 


Etlivlccliulose fEthocel 10 coal 


8,28 


2.91 


Poloxamer (Lttttol*F 68) 


0,27 


0,10 


SPHEROMER'*' IE 


5.14 


1.81 


Dibutyl Sebacate 


0.25 


0.09 


Acryi-EZH " White (930 18 509) 


23.12 


8.14 


Gelatin Capsules 


144.00 


50.69 


Efhanol* 






Methyl Alcohol* 






Purified Water* 







Total 


284.09 





* evaporated during processing 
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Unit Dose Composition of the Pramipexole Delayed Extended Release Capsule, Type C, 

0,375 mg 



Components 


Weight (rag) 


%w/w 


Pramipexofe DihydrocMoride Monohvdrate 




V.iU 


Microcrystalline Cellulose (Fir. coo el 90M) 






Mannitol (Maimogem Powder) 


UU*7J 




Hydroxvoioovl Cellulose fHPC SSI ^ 


it fsO 




OPADRY* Clear (YS-l-19025-A^ 

o ear 1 yuzD A) 


0.7V 


A 71 


i Bthylcellulose (Ethocel 10 ens) 
i 


1 1 07 




Dibutyl Sefaaeate 


U..xO 


U.i J» 


Aeryl-EZE" White (9301 S509) 


23.60 


12.49 


Gelatin Capsule 


50.00 


26.46~" 


Bthanoi 






Methyl Alcohol 






Purified Water 






Total 


188.96 


100.0 



In vitro dissolution Profile of Pra m ipexole Formulations 

The enteric-coated pramipexole capsules were tested for dissolution profiles using 
USP II apparatus. Initially, the dissolution was performed in 0,1 N HCL media, pH ~ 12 for 
2 hours and later on in phosphate buffer at pH <* 6,8 for 24 hours. 

No drug was released from the three enteric coated pramipexole Formulations in 0.1 
N HCL. Mkapex® tablets dissolved in 10 minutes in phosphate buffer pH 6.8. Figure 7 
shows the dissolution profile of the three enteric coated pramipexole formulations in 
phosphate buffer at pH 6.8. 

Pharmaco kinetic Evaluation of Pranu'nexole For mulations in Beagles : 

A study was conducted in fasted beagle dogs to evaluate the performance of 0,375 mg 
pramipexole delayed and extended release multiparticulate based capsule formulations 
(Types A, B and C) administered as a single dose and Mirapex tablets, (0.125) mg 
administered in three times a day dosing regimes. As shown in Figure 8, immediate release 
Mirapex® tablets exhibited rapid initial absorption of pramipexole, while the extended release 
formulation resulted in a lag time, followed by extended absorption up to 16 hours. As 
shown in Table 5, the bioavailability estimate of the extended release capsule formulations 
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was about 50% when compared to Mirapex® tablets given in a repeated maimer. Although in 
<he preliminary study in beagle dogs decreased bioavailability was observed for the extended 
release formulation, this can be primarily attributed to short residence time in beagle Gi tract, 
There are known differences between humans and dogs in terms of motility, bacterial 
metabolism and GI transit time. 

Table 5: Mirapex® tablets, 0.375 mg (0.125 mg X 3) vs. Prarnipexole 0.375 mg 
Extended Release Mul%articulate Formulations 



Formulation 


(ng/niL*fer;) 


■ ^-wax 

..' (ngfmL) 


(hrs) 


Type A 


22.1&fc3.35 


1.7fa0.11 


9.2*0.8 


Type B 


25 .48*3,50 


1 .73*0.22 


14.33±1.19 


Type C 


15.03i3.70 


1.28*0.17 


9.3*1.8 



Blot Singe-dose Pharmacokine tic Study Comparin g 0.375 mg Framip exole 
Extended-IDekyed Release Multiparticulate Formulations with Miraoex® tablets. 0 .375 ma 
(0. 1 25 mg X 3) in Humans 

A single-dose, crossover study comparing the pharmacokinetics and tolerability of 
comparing praraipexoie 0.375 mg extended release multiparticulate formulations with 
Mirapex® tablets, 0,375 mg (0. 125 mg X 3) in 12 healthy volunteers was carried out. Each 
subject received a single dose of each of the formulations in random order under the fasted 
conditions (a light breakfast was given 60 minutes after die dosing) and plasma levels of 
prarnipexole were measured using LC/MS/MS. The LC-MS/MS method employed injection 
of plasma samples diluted 1:1 with dichloroacetic acid containing an internal standard (that 
was not observed in the dog plasma blank sample) at a concentration of 20 ng/'mL. The 
amount of prarnipexole was calculated using a weighted calibration curve. The linearity curve 
was obtained using pramipexole standards ranging from 1 00 pg/mL to 25 ng/mL. All 
standards were prepared in Harlan Dog plasma. In order to assure accuracy throughout the 
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experiment, quality control (QC) samples were injected every 12 samples, The QC standards 
were prepared in dog plasma at known eoraenirations of -1 ,0 ng/mL and -1.0.0 ng/m'L. 

The doses were separated by 1-week washout periods. Figures 9A-C represent the 
pramipexole plasma concentration vs. time graph. Hie area under the plasma pramipexole vs. 
rime curve (AUG), maximum concentration (C fflax ), time to maximum concentration (T,„„) 
were calculated and are indicated in Table 6. 

Table 6: PK parameters comparing different 0.375 mg Pramipexole Delayed Extended 
Release Multiparticulate Formulations with Mirapex® tablets, 0375 mg (0. 125 mg X 3} 



Formulation . 


(agraiL*hr) 


J C„ m 
.(pg/nU.) W- 


T KJa ,. ; 

■ (IWSj ... 


Mirapex® 0.375 mg 
(0.125 mg X 3) tablets 


7.1*1:1.6 


390.83^105,22 


17.0*5.3 


Typo A (Example 7) 


6.96*2.4 


424.08*389.31* 


12.7*4.9 


Type B (Example 7) 


7.07:1:2.4 


241.75*78.57 


16.8-5.2 


Type C (Example 7) 


5.66*2.1 


176.25+60.97 


18.5*10.8 



* One of the subjects in Type A testing showed a Craax of about 1650 pg/mL vs. the average 
Cmax of 424 pg/mL 

Example 8: Pramipexole JER, 0.375 mg Tablets [S % coating (M parts Surelease® + 20 
parts OPADRY®) Formulation in Fasted condition 

This example describes phamiacokinetic data for pramipexole 0.375 mg Tablet (Lot 
#509-060) coated with OP ADR Y®/ Surelease® in beagle dogs under fasted condition. 

Pramipexole was layered on sugar spheres and compressed into a tablet along with 
other recipients as listed below. A phamiaeolrfnetie study was performed earlier in the fed 
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conditions using the same formulation; however this study was done ante fasted conditions. 
The data obtained from this study can be used to compare against the subject pramipexole 
extended release formulations which contain 0.375 mg of pramipexole dihydrochloride. 

Pramipexole ER, 0.375 mg Tablets coated with SO parte Sarelease*' + 20 parte 

OPADRY® 



Ingredients 


% Per Tablet 




Pramipexole layered, 
on sugar spheres 


3S.13 


0.375 


HPMC 2208 4000cps 


24.77 


140 


Pregeiatinized starch 


36.54 


206.5 


Colloidal Silicon 
Dioxide 


0.25 


1.4 


: Magnesium Stearate 


0.31 


1,75 


Total 


100 


350.25 


Lot# 509-060 tablets were coated with 80% Surelease and 20% OPADRY until a weight gain 
of 5% w/w was achie ved. 



Figure 10A shows the in vitro dissolution profile obtained using USP II apparatus. For 
the above formulation, the dissolution was performed in phosphate buffer pH 6.8 for 24 
hours, The Surelease* coated tablets formulated in house show an identical profile to the 
innovator s sustained release formulation. 

Figure 10 B is the comparison of above example with Pramipexole Delayed 
Extended Release Capsule, TypeB, 0>3?Smg described in example 5, Both the formulations 
demonstrate a similar extent of absorption. 

Figure 1 1 is the comparison of pramipexole FJR. Formulations wiihMkapex (0.125) 
mg tablets administered in three times a day dosing regimen. 

Pramipexole multiparticulates from Example 7 (Type A, Type B or Type C) were fed 
to beagle dogs hi order to evaluate their pharmacokhietic performance and were later on 
compared to Maapex 0.125 mg tablets adminjstered in three times a day dosing regimen and 
Pramipexole ER, 0,375 mg tablets (Example 8). Mirapex (0.125) mg tablets administered in 
three times a day dosing regimen exhibited rapid initial absorption of pramipexole, whereas 
pramipexole ER formulations showed an extended absorption with just once a day 
administration. The bioavailability estimate of the extended release formulations was about 
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50% when compared to Mirapex tablets given in a repeated maimer. Although in the 
preliminary study in beagle dogs decreased bioavailability was observed for the extended 
release formulation, this can be primarily attributed to short residence time in GI tract. There 
are known differences between humans and dogs in terms of motility, bacterial metabolism 
and GT. transit time. The above extended release formulation is expected to show higher 
extent of absorption in humans as the half life of prarrapexole is longer m humans. 

Example 9 Preparation of Pmmtpexole Extended-Release Pellet Fortmtlatfon, Lut # 
681-048 

An extended-release pellet formulation of prainipexole was prepared to be combined 
with an immediate- and controlkd-release multiparticulate formulation of levodopa- 
carbidopa. Pramipexoie was initially layered on placebo core pellets (3 .3-1 .4 mm dia.) with 
Gpadry® Clear as a binder using a Vector MFL.01 Micro Batch Fluid Bed System, equipped 
with a Wursier insert. 

The placebo core pellets were prepared using low-shear granulation, extrusion and 
spheronization technique. The following table provides the weight and composition of 
placebo core pellets, 



Weight and Composition of Placebo Core Pellets 



Ingredients 


Weight (%) 


Weight (g) 


Macrocrystalline Cellulose (Emcocel® 90M), NF 


30.0 


60.0 


Mannitol (Mannogem™ Powdered), USP 


65.0 


130.0 


Hydroxypropyleellulose (HPC-SS.L), M 5 " 


5.0 


10.0 


Purified Water, USP 




* 


Total 


100.0 


200.0 



* Evaporated during drying process. 



The placebo pellets were dried in m oven at 50°C to achieve a desired moisture level 
of 1 % (w/w). These pellets were then screened through size 10, 12, 14, 16 and 1 8 mesh 
sieves and the particles retained on screen size 14 and 16 were used for subsequent 
pramipexoie layering process. 
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Pramipexole layered pellets were subsequently coated in me Vector MFJL.01 Micro 
Batch Fluid Bed System, equipped wife a Wurster insert, with a release rate-controlling 
polymer composition containing ethylcellulose to achieve a weight gain of 8,3% (w/w) ; and 
then coated with bioadhesive Spheromer™ HI polymer to a weight gain of 5.3% (w/w). 

The unit dose composition of a pramipexole 0.375 mg extended-release pellet 
formulation is given below. 



Unit Dose Composition of Pramipexole 0,375 mg Extended-Release Pellet Formulation 



Components 


\\ eignt (%) 


w eight (mg) 


Pramipexole Dihydrochloride Monohydrate, USP 


0.33 


0.375 


Manmiol (Mannogem™ Powdered), USP 


53.44 


60.93 


MicrocrystalHne Cellulose (Emoocel® 9GM), NF 


24.67 


28,13 


Ethylcellulose (Ethooel™ Sid 10 FP Premium), NF 


7,26 


8.28 


Opadry* Clear (YS-1-19025-A) 


4.94 


5.63 


Spheromer™ HI 


4.78 


5.45 


Hydroxypropyl Cellulose (HPC-SSL), NF 


4.11 


4.69 


Poloxamer 188 (LutroI®F 68), NF 


0.25 


0.29 


Dibutyl Sebacate, NF 


0,22 


0.25 


Total 


100.00 


3 14.025 



The bioadhesive pramipexole pellets may be optionally top-coated with bioadhesive 
Spheromer™ I polymer, a hypromellose polymer, a hydroxypropylcellulose polymer, or a 
polyvinyl alcohol polymer to a weight gain of 2-5% (w/w). 

Example 10 Production of Levodopa, Carbidopa, and Levodopa-CarMdapa Pellets with 
Gmnulstimt-Kxti'Hsimt-Sphemnizddon and Fluid Bed . Drying 

Levodopa, carbidopa, and leYodopa-carbidopa pellets were produced with 
granulation-extrusion-spheronlzation and fluid bed drying. The production processes 
included the following: 
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(1) Weighing levodopa or catbidopa, or both levodopa and carbidopa, optionally a 
bioadhesive polymer composition,, and plmrmaceutically acceptable excipients. 

(2) Blending levodopa or carbidopa, or both levodopa and carbidopa, aid optionally a 
bioadhesive polymer composition, with pharmaceutically acceptable excipients in a 
planetary type mixer, Hobart Mixer witb a 5-qt mixing bowl, operating at the speed 
setting #1, for 5-1 S mm, forming a dry mix. 

(3) Granulating the dry mix from step (2) under low shear with a granulation fluid, 
forming a wet granulation. The granulation fluids were mainly selected from a group 
consisting of purified water, an aqueous solution of a mineral or organic acid, an 
aqueous solution of a polymeric composition, a pharmaceutical!}.' acceptable alcohol, 
a ketone or a chlorinated solvent, a hydro-alcoholic mixture, an alcoholic or hydro- 
alcoholic solution of a polymeric composition, a solution of a polymeric composition 
in a chlorinated solvent or in a ketone. 

(4) Extruding the wet granulation from step (3) through the screen of a screen-type 
extruder, Caleva Model 20 (or Model 25) Extruder, operating at 10-20 rprn, and 
forming breakable wet stands, the extrudate. The screen aperture was 0.8, 1, or 1.5 
mm. 

(5) Spheronizrag the extrudate from step (4) in a spheronteer, Caleva Model 250, 
equipped with a 2.5-rmn spheronixation plate, operating at 1000-2000 rpra for 5-10 
rain, and forming spheionized pellets. 

(6) Drying the spheromzed pellets from step (5) in a fluidized bed drier, Vector MFL.01 
Micro Batch Fluid Bed System, operating at an inlet air flow rate of 100-300 1pm 
(liters per minute) and an inlet air temperature of 5G fi C. Alternatively, pellets wete 
dried either in an ACT (Applied Chemical Technology) fluidized bed drier or in a 
conventional Precision oven. The ACT flutdized bed drier Was operated at an inlet air 
flow rate of 140-150 fern (foot per minute) and an inlet air temperature of 104°F. The 
oven was set at 50°C. 

(?) Screening and classifying the dried pellets from step (6) tough a stack of stainless 
steel sieves, U.S. standard mesh sizes S, 10, 12, 14, 16, 18, 20, 25, 30, 40, 45, and 60 
using a mechanical sieve shaker, W.S. Tyler Sieve Shaker Ro-Tap Rx-29, operated 
for 5 mm. The particle size and distribution of pellet formulations were analyzed, and 
classified pellets ranging from 0.25 mm (mesh # 60) to 2 ram (mesh # 10) were 
selected for future film coating or other experimentation, 
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Levodopa, eatbidopa, and levodopa-carbidopa pellets were produced with 
giamdation^xtrtision-spheiomzation and oven drying. The production processes included the 
steps I to 5 and 7 of Example 1 but the spheronfeed pellets were dried in a Precision gravity 
oven, operating at 50°C, for 8-24 h. 

Example 1 1 Production of Levodopa Pellets with Grmtdatten-Extrusien-JSpimwtizaiwtt, 
Lot §516-095 

Three identical sub-lots of levodapa pellets (sub-lots # 51 1-068, 511-069, and 51 I- 
070) were prepared in accordance with the method described in Example 1. The weight and 
composition of pellets of the sub-lot # 51 1-068 are given hi the follo wing table. Levodopa 
was blended with inactive exeipienis for 5 mm. The levodopa-excipiente blend was then 
granulated by spraying purified water while mixing at low shear. The granulation was 
blended for an additional 5 min and then extruded through a 1 .5 mm screen of a Caleva 
extruder, model 25, operating at 15 rpm. The extrudate was sphcmnized in a Caleva 
spheronteer, model 250, operating at 1000 rpm for 5 min. The spheronized pellets were dried 
in an ACT (Applied Chemical Technology) fluidized bed drier at 104°F±4°F for 75 min. The 
dried pellets were screened and particles with diameters ranging from 1 mm to 2 mm were 
selected for future experimentation. The screened pellets of the three sub-lots were blended in 
a GiobePharma Maxiblend Blender equipped with an 8-qt stainless steel V-shelL 

Weight and Composition of Levodopa Pellets, Sub-lot ft 51 1-068 



Ingredients 


Weight % 


Weight (g) 


Levodopa, US? 


50.0 


300 


Macrocrystalline cellulose (Emcocel® 90 M), MP 


25.0 


150 


Mannitol (Mannogem™ Powdered). USP 


14.0 


84 


Hydroxypropylcellulose (HPC-SSL), NF 


5.0 


30 


Croscamiellose sodium (Ac-Di-Sol®), MP 


5.0 


30 


Citric acid, anhydrous, USP 


1.0 


6 


Total 


100.0 600 
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